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0.1. What do you mean by theory of computation ? 
Ans. Theory of computation is a branch of computer science that deals 


_ with how efficiently a problem can be solved on a model of computation using 


- algorithm. 
Q.2. Write short note on automata. (K.GP.E., June 2010) 
k Ans. An automaton is an abstract model of a digital computer. Every 
automaton includes some essential features. It has a mechanism for reading 
om It is assurhed that the input is a string over a given alphabet, written on 
a file known as input tape, which the automaton can only read. This file is 
divided into cells, each of which can hold one symbol. The input mechanism 
can scan (or read) the file from left to right, one symbol at a time. Also the 
Input mechanism can detect the end of the input string (sensing end-of-file 
condition). The output of some form 


can be produced by automaton. The aoe 
automaton may have a temporary 
Storage device, having an unlimited 
number of cells, each of which can 
holda Single symbol from an alphabet 
(not necessarily the same as the input 
alphabet), The automaton can read as 
well as change the contents of the 
аз a control 
any one of a 


Output 
Fig. 1.1 A General ‘Automaton 


“nit, which can be in 
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i c 
of internal states. The control unit еп pte 
Fig. 1.1 shows а diagram of a genera au E 

us to operate in a discrete time frame. At some givi 


If not, the DFA goes into state q,, from which it 
can never escape. Such a state is called a trap state. 
The properties of transition functions are as 


hange state in зо 


finite number 
defined manner. К 
An automaton 15 supposed е 

time, the control unit is in some pla € pene 
> 1 g 

i bol on the input tape. The inter о : in next 

a веша by the next-state or transition function. This transition functio : 
step is obtai tate in terms of the current state, the current input symbol on th ў 
5 the temporary storage. During th 


follows — : 
(i) д&(44)=4 in a finite automaton. 


This means the state of the system can be changed 


only by an input symbol. 
(ii) For all strings wand input symbols a, 


gives the next B n ace yd 

input tape, and the information 

i itn me interval to the next, output may be generated or PE. on д, w) 
q, wa) = 5 (5 (q, w), а) 


changed. The term configuration refers toa 
orary storage. The transition 

uu mcer и - ; . This property gives the state after the automaton consumes or reads the 

first symbol of a string aw and the state after the automaton consumes а 


prefix of the string wa, 


transition from one ti 
information in the temporary storage 
particular state of the control unit, inpu 
from one configuration to the next 15 called a mave. 


Q.3. Write short note on finite automata. 
Ans. Finite automata is denoted by 5-tuple (Q, 4 qo 2): wher X 0.5. What is the изе of transition graph ? What are they ? 
© о Й y z = ad 1 Ans. A directed graph, called a transition graph ог transition diagram, is 
о вачд хам ape OCR D. { used to visualize and represent finite automata. It is just a simple graph with 
àv) 2: initial aisle qs eO. >. vertices representing states and edges representing transitions. The vertices 
GAF set of final states such that F c 0. i are represented by circles and the edges are represented by lines with arrows 
E ES mbd k priced арыса in fg 12 connecting the vertices. The labels on the vertices are the names of the states, 
Е Р :1 "While the labels on the edges аге the current input symbol values. For example, 
if qo and q are internal states of a DFA M, then its associated graph will have 
two vertices labelled до and ү. An edge (40, 4) labelled a represents the 
transition (40, a) = q,. The initial state is represented by anincoming unlabelled 
arrow not originating at any vertex. One or more, final states are shown by 
double circles. 
hence qu if M= (О. 5 8 дь Е) іѕ а deterministic finite 
Fea n e ociated transition graph Gy, has exactly |0] vertices, each of 
elled with a different д; € О. For each and every transition rule & 
(Gp, a) = q; the graph has an edge (9, q;) labelled a. The vertex with label ga 


f is called the initial vertex, while the 
vertices labelled with qr € F are the z Ё ( C ) 
final vertices. It is a trivial matter to 


Convert from the (О, >; б, 
ent n , Z 4Е) Initial : 
| definition of a DFA to its corres- Sate State sue 
c El ааа pru graph and vice- Fig. 1.4 Transition Graph 
20.4. What is a trap state i f 7 18. 1-4 represents the D 
колайгон аа. Ip State in FA ? State and explain the properties oj p eie 
Бра КИП (R.GP.V, Dec. 2015). where Sis given я = (do 41. 4), {а,Ь}, X {4)) 
s The autc 2. 1.3 remains in its initial state g, unti s 
TS il the first b 
encountered. If this is also the last symbol of the input, then the bini is des 


ieu Fig. 1.2 Block Diagram of a Finite Automaton 
Various components of a finite automaton are — . 
| 58 2 O, e ee = Input tape stores input string, It is divided into 
© squares, Паге containing a single symbol from the i i trin 
_ 18 processed from left to right in input N i e мб, 
$ 1702). Reading Head — The head 
j 109 , moves fri 
‚ input tape and examines only one square at a time, wore e 
cde 0 нај — The finite control takes the input which i 
dc pana ae i ng head or the present state of the machine and gives 
;e output-which is calculated by transition function on the inputs. . 


д (дьа) = qi 
$ (41,0) = qz 


tion (V-Sem., IT-Branch) 
te machine (FSM) with example. 


i i input-output relation at every state and. 
Ans. This паза сав оп mb the input ata m К 
also ше -— require the mapping in two forms. At a particular stai : 
tate. 1 

for a given input, what is m saa. | M 
rticular state on receiving the input, what is the next state. 
н и function (M.A.F.) and state 
i achine functio AR te 
c TE eh c vibe ghee у of two arguments, current state, 
ае but their results are different. The machine can be defined as, 
z (i) A finite set of states P 
S= (So. 5}, So, юн } n A 
(ii) A special element of set ‘9’ so called as initial state or start state 
(iii) An input alphabet, 7 = (ig, ij, 
(iv) An output alphabet, O = (Op, O}, -n 
(у) A function $ x / S (S.T.F.) a 

(vi) A function S x I О (M.A.E). 


6 Theory of Computa 
Q.6. Define finite sta 


and 


At any state the machine is in any of it's states and on arrival of an input — 


symbol it will change the state using state function and will also give: 
output using machine function. As the number of states is finite, it is kno: 
as finite state machine. The class of machines is known as finite automaton 


(R.GP.E, June 2003) 
Or К 
Write йе а short note on one way finite automata. (R.GPV., Dec. 2002) 


Write the definition of РЕА. (R.GPV, Dec. 2014). 


ES К Or 
What do you understand Ь нії, d. 
is у DFA (Det, inii 
раена (Deterministic Finite Automata) ап 


(R.GP.V., June 2015) 


ees M="(Q.%,5,q,F) 
Where, (i) `Q is a finite non-empty set of states 
2. Gi) Lisa finite no 

input alphabets { 


n-empty set of input Symbols called terminals 0 


where, 


е Tange of Sis in the Power set 22 5 
О, but a Subset of it, which 
_ Teached b 
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(iii) Sis a function which maps Q х into О and is usually called 
direct transition function. This function describes the change of states during 
the transition. Usually, this mapping is represented by a transition table or a 
transition diagram 

(iv) qo is the initial state and gy €Q 

(у) F is the set of final state and F c О. E 

For example, the operation of a deterministic finite accepter is as follows = 

Initially, it is assumed to be in the initial state qo, with its input mechanism 
on the leftmost symbol of the input string. During every move of the automaton, 
the input mechanism shifts one position to the right, so each move consumes 
one input symbol. At the end of the string (i.e., after having all input symbols 
been read), it is accepted if the automaton is in one of its final states, otherwise 
it is rejected. The input mechanism can only move from left to right, it cannot 
move in reverse direction. Also, it can read only one input symbol at a time 
(i.e., on each step). The transition function & governs the transition from one 
internal state to another. For example, if 5 (qo. а) = 91, then, if initially ће РЕА 
is in state go and the current input symbol is a, the DFA will go into state 9: 


Q.8. Write а short note on non-deterministic finite automata. 
: 4 (R.GP.E, Dec. 2002) 
Ans. Non-determinism means a choice of moves for an automaton. Instead 


of prescribing a unique move in every situation, this allows а set of possible 
moves. Formally, this can be achieved by defining the transition function such 
that its range is a set of possible states. 


A non-deterministic finite accepter or‘NDFA is-defined asa 5-tuple machine — 
‚ M= (Q.Z Ss, F) 

G) Qis a finite nonempty set of states 

Gi) Z is a finite nonempty set of input symbols 

(iii) 5 is the transition function mapping from Q x Sinto 22 which 


is the power Set of О, i.e., the set of all subsets of O 


(iv) go is the initial state and qo EQ " 
(v) Fis the set of final states and F eo. 
The transition function Sis also defined as, 


S:Ox(FU{A}) > 29 


There are three major differences between DFA and NDFA. In an NDFA, 


O that its value is not а single symbol of 
Possible states that can be 


Y the transition, For example, if the current State is qi. the symbol 


f Computation ( V-Sem., IT-Branch) 


8 Theory 0! 
о could be the next state of the NDFA. Also, we allow 4 


n either qo OF 4: 
T istud ramen of & It means 
the NDFA can make a transition without 
consuming an input symbol. Although in 
NDFA also, the input mechanism can only 
travel to the right it may become stationary 
on some moves. Moreover, in an NDFA, 
the transition 5(q;, а) may be empty, i.e., 
there is no transition defined for this 
particular situation. 

Like DFAs, NDFAs can be represented 
by transition graphs. The vertices can be 
determined by Q, while an edge (g; 9) 
with label Р is in the graph if and only if 5 
(gj;b) contains qj. But, since b may be the Fig. 1.5 The Transition Diagra 
empty string, so there can be some edges for an NDFA 
with labelled A or € or A. ХА finite set of symbols called the input alphabets 

For example, consider the transition diagram for an NDFA given in fig. 1.5; qo = The initial state 
The sequence of states for the input string 0100 is shown in fig. 1.6. 3 1 F — A set of final state as before and 
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Ans. The finite automaton is a control unit that reads a tape, moving one 
square right at each move. We added non-determinism to the model, which allow 
many "copies" of the control unit to exist and scan the tape simultaneously. 
Next we added A-transitions, which allowed change of state without reading 
the input symbol or moving the tape head. Another extension is to allow the- 
tape head the ability to move left as well as right. Such a finite automaton is 
called a two-way finite automaton or 2-FA. It accepts an input string if it 
moves the tape head off the right end of the tape, at the same time entering an 
. accepting state. We shall see that even this generalization does not increase the 

power of the finite automaton; two-way FA accepts only regular sets. We give 
a proof only for a special case of a two-way FA, that is deterministic and 
whose tape head must move left or right, i.e., not stationary, at each move. 
A two-way deterministic finite automaton or 2DFA is a quintuple 
М= (0, 5 5 4, Е) 
where, О = А finite set of internal state 


ans that 0,1 


An input string is accepted by 5 А ô= Transition functi hi 
F Б " E: 0 0 ion which maps from Ох Хю Ох 1L, R}. 
ee ko sequence - ғ 0 ——- 90 —— % — i » If 5@, а) = (p, L) then in state q, scanning input symbol a, the 2DFA 
e. A ENN рт "a N N NN NI Е State р and moves its head left one square. If 5 (а, a) =p R), the 
n e end o; ч A enters state i i z СЕ 
string (їе, after having the last — ^ n "to EB enun. c. and moves its head right one square. 
ol been read), and is rejected Ny Ы... ... ple — Consider a 2 DFA ‘M’ that behaves as follows, starting in 
: when there іѕ no possible 44 E ses we ted repeat a cycle of moves where in the tape head moves right 
uence of moves by which any Fig. 1.6 Sequence à) Ў States ше point s have been encountered, the left until encountering a ‘0’, at which 
state can be reached. Processing 0100 — ‘Point state “qq’, is reentered and the cycle repeated “А has three tat 
the above exampl : ы йс. Which are final, ‘& is given in the table Я ркасы 
te, the input “Ле in fig.1.5 and fig. 1.6, since qa is the final 
‚ 0100) = fa, 43, qa}. © accepted by the NDEA through the transition - 


0.9, 


D А і 
а оту finite automata with suitable example. 
(R.GP.K., Nov. 2018 


and input string is [101001]. 


Since д is the initial state, the first ID is 


^ © -[agi01001 

9 obtai “р” 

е stats p f е сола ID", note that the symbol to the immediate ‘Right’. 
oy amine Arst "ID* is a “1' and (до 1) is (41. R) thus the secon 


(.GPE, Dec. 2 of th 
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10 Theory of Comp! in its finite control of all states that the NDFA could be in after reading th 
in is 


nue in this way we get the result. 3 the DFA has read. ; 
is [a,.01001| continue 1n ame input as the " 5 ; 
ID is ж 25 Two finite accepters M; and M; are said to be equivalent if 
a- ЦМ) = ЦМ) 
qplR i.e. if they both accept the same languages. i д 
ко 100 Let us take an example of the DFA shown in fig. 1.7. It is equivalent to 
p the NDFA as shown in fig. 1.8. Because they both accept the same language. 
41 L(M) = {w/w ends with ab} 
10 9 1001 move till we get one ‘zero’ БЕ 5 a 
4? (40) (а) © 
1q, 01001 
"eR Fig. 1.7 Fig. 1.8 
4 
10 4 1001 О.11. Write a procedure that converts ап NDFA to РЕА. 
ee Ans. An NDFA can be converted into DFA by following steps — 
q,R @ Create a graph Gp having vertex {qo}. Identify this vertex as 
1014, 001 the initial one. 
Epi B Gi). Repeat the following steps (a to e) until no more edges are missing — 
qyR LM (a) Take any vertex {q; Qp----- » ЧЕ} of graph Gp that has no 
I 1010g, 01 outgoing edge for some a €S. 
"E (b) Compute ó" (q;,a),5" (ду, a),......... ‚& (84а). 
: "c e (c) From the union of all these ó', yielding the set 
: о мут : bo bam sa TAM 
аы, E | (d) Create a vertex for graph Gp labelled {9} q,, ......... А if 
"10109, 01 it does not already present. + 44) 
тт» (е) Add an edge to graph Gp from {@ 
9 eee э to 
oR i-am», } and label it by a. Ma а) 


I- 101003, 1 (11) Every state of the graph Gp whose label contains any 9; ЄР. 


is defined as a final vertex. 


(iv) If My accepts A, the vertex 190} in graph Gp is also made a 


final vertex, 
0. Write short note on equivalent of DFA and NDFA К iva "p terminates. Each pass through the loop in step (ii) 
ту DFA is an NDFA, it - c th eventually Шор ph Gp. But Gp has at most 212M |2Jedges, so that the loop 
BEA T that the class of languag A 0.12. Prove that Jor every NDFA, there exi: i i slates 
these a the only behaviour of NDFA. ; аанай ыш i 
imula i d 
tes an jer {2 allow th é states o f РА! wh, eee Шар Li Tis the set accepted by NDFA, then there exi | 2 DEA 
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of Comp a 
12 Theory qo F ) be an NDFA acceptin; 


Ans. Proof — Let My= (0,5 $ 


s follows — 
construct a РЕА, Мр, а Мь= (0, 5 5, 40 F 2) : 


à) Q'- 20 (any state in Q' is denoted by [gi , 4, 93, 
where 41, 42, 43 › 7 40 
us ЕА is m i of all subsets of О containing an element of 
Before going to define ó', we look at the construction of О’, ду, апа. ^ 
Myis initially at gg. But, by applying an input symbol, say a, My can reach any 
of the states in 5 (qo. a). To describe My just after applying the input symby| 
a, we require all the possible states that My can reach after the application of 
a. So, Mp has to remember all these possible states at any instant of time; 
Hence, the states of Mp are defined as subsets of О. As My starts with initial 
state qo, qo is defined as [40]. A string и belongs to L(My), if a final state is 
one of the possible states My reaches on processing и. So, a final state in My 
(ie., an element of F ' ) is any subset of Q containing some final state of My. 
Now, we can define 6’ as, E 
Gv) 5' (a1. 42, 93, --....... | qil, а) 
= (91, a) о 5(9, a) O 8(q5, a) VU... Y lq, a) 
Equivalently, : ха 


where, 


8' (41, 4, 43, ........ ‚ау = [Py ым j 
if and only if Е p 
à Cai b c »G},a)= (p, py, Фа «еа Ыр? 

efore proving L = L (Mp) we prove an auxiliary result, 


> qi] 


jn) if ôlgo {аа ve 4i] 
= {40}, and by definition of ó 
true for x with | x | = 0. Thus, the 
E > quation (ii) is only true for all str 
ae € a strin: y true for all s! 
ly|=mandae Z Let 5 5 oT length m + 1. We may write x as yg; V 
0): As | y [€ m 


^ 
I 


ч dependent of the currer 
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By definition ofó'— i 
s (ois e Bj. а)= [ry , ry nl y) 
Hence, D 
5' (qo ya) 7 ó'(ó' (4%, у), a) 
= &'([pi. coven (D a) = s r2, oe a ra] 


я [by equation (iii) and equation (iv)] 
Thus we have proved — 
ô’ (905 X) ^ (31.42. 93> 
ж Ж 
By induction, this is true for all strings. 
The other part (i.e., “only if’) can be proved similarly. 
Now, X €L( My) ifand only if 5(q, x) contains a state of F. As we have 
shown in equation (i), 5 (qo, x) contains a state of F if and only if 5" (95.x)is 
in Е". Hence x €L( My) if and only if x € (Му). The proves that DFA, 
Mp accepts L. 
Q.13. Explain the finite automata with outputs. What are the differences 
between Moore machine and Mealy machine ? 
Or 
Formally define the following (with example) — 
() Mealy machine (ii) Moore machine. 


for 


(R.GP.E, June 2010) 


zu Or 


Write short note on automata with output. 
Or 

Differentiate between Mealy and Moore machine. (К.СРИ, Nov. 2018) 
Ans. The finite automata have binary output, i.e., they accept the string 
or do not accept the string. This acceptability is decided on the basis of 
reachability of the final state from the initial state. This restriction can be 
removed by considering the model where the output сап be chosen from 
Оте other alphabets. There are two distinct approaches, first in which the 


(R. GP.X., Dec. 2004) 


Output is associated with the current state, called a Moore machine and second 


P o the output is associated with the transition, called a Mealy machine. 
other words, the value of the output function Z(t) in the general case, isa 


n function of the current state q(t) and the present input a(?), ic., 


here Aj 2) = (0,20) —. x 
ш, 15 called the output function. This generalized model is called Mealy 
e. If the output function Z(t) depends only on the present state and is 


nt input, the output function may be written а— 
b. oS RES Wt IN S 1 


Т-Вгапсһ) 
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i machine. It is more co; { 
This restricted model is called Moore m 
use Moore machine in automata theory. 


Formally, we define each as follows — on | ! 
(i) Moore Machine — The Moore machine is a six-tuple machiy 2 оп 
(О, Z, 4, б, А, qo), where d 
(a) Q is a finite set of states 3 
(b) Zis the input alphabet 
(c) Ais the output alphabet 
(d) dis the transition function which maps = x О into Q 
(e) 2 is the output function mapping Q into A 
(f) qo is the initial state. : 
The A is a mapping from Q to A giving the output associated with each state 
The output of M in response to input a, а,......... а n> 0i 
A(qg)A(q1).......A(8, ), where qo, q;...... Jn is the sequence of state such that} 
(91а) =q; for 1<i<n. It is noted that machine gives output Madi Prea 
Tesponse to input A. The DFA may be viewed аз a special case of Moore machin - 
__ Where the output alphabet is (0,1) Table 1.1 A Moore Machine | 


and state д is “accepting” if and 
only if Да) = 1. ja Present oi 


For example, table 1.1 
43 


_ and the output string is 0100. In the case of Mealy machine, we get an output 
7 ly on the application of an input symbol. So for input string A, the output is 
en ү A, while in the Moore machine the output is А(@о), 

Table 1.2 A Mealy Machine 


Next State 


Present State 
| State | Output | State | Output | 


—4 


Q.14. What do you mean by automata with output capability ? Draw a 
ly machine equivalent to the following circuit. 


ows-a Moore machine. The 
State gq is marked with an 
The table defines 5 and 
the input String 0111, the 
п of states is given by 


Fig. 1.9 
(R.GP.E, Dec. 2015) 
Ans. Refer to Q.13. ? 


E We denote current in wire by 1 and no current by 0. We identify four 
| States based on whether current is available or not. 

DUM (i) Mealy Machine — B 
Q.2,4,5,2,q,),. 
"ће Moore тас 
9, а) gives the output associ : i Dping Ух О into 4 
he output of M Ж еШ, iti 


© do 91, ....,q, is the веди 
- It is noted that this sequé 
Moore machine, and on 


, The operation of this circuit is such that after 
es changes according to the following rules — 
New В = Old A 


New 4= (Input) NAND (old 4 OR old В) 
Output = Input OR old В $ 


an input of 0’s and 15, the 


(+ D Flip flop) 


сһ) 
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Suppose we are in state 90 and we are not receiving current iei, inpy à i 
«тей в = Old A = 0 (Intable, А = 0, in state qq) fe 


=10R1 
New B = 0 P 


New А = (Input) NAND (old 4 OR old B) 
New А = 0 NAND (0 OR 0) 
New 4 = 0 NAND 0 


New A = 1 


“therefore next state is 40 (г А = 0, B=0) 
` If we are in state q, 
hen input = 0 (No current) 


' (from table) 


Output = Input OR old B 
Output = 0 or 0 New 4 = 0 NAND (1 ОК0 
New 4 = 0 NAND 1 


New 4 = 

Output =0 OR 0 
therefore next state is q (4 — 1, B= 1) 
hen input — 1 (with current) 


New B = Old4 = 1 


New 4 = 1 NAND (1 OR 0) 
New А = 1 NAND 1 


d 


The next state is q, because, new А = 1 and new В = 0). 
If we are in state q and we receive current input — 1. 


New B = Old4 = 0 (from table, 


New A = Input NAND (old 4 OR old B) 
New 4 = 1 NAND (0 OR 0) 
New 4 = 1 NAND 0 


Output - 1 OR 0 


& 
м 
[ 
o 


Output = 1 OR 0 


4 State ГД : ae 
2 Input = 0 (No current) 


New В = Old4 = 1 


Output = 0 OR 1 


i 


NewB = 0ld4 = 0 
_ Ме» A = I'NAND (0 OR 1) 
(New A-1NAND 1 


Tefore next state is g} (у A= 1,B=1) 
en input = 1 


| 


NewB-2(O0n4-—: 


- h, 
48. Theory of Computation (v-Sem., IT-Branch) 
New 4 = 1 NAND (1 ОЕ 1) 


New А = 1 NAND 1 


Output = 1OR1 


therefore next state is q; (- A=0,B=1) 


Table 1.3 Transition Table ` 


Old 
New New 
Baceaco 
2 


q; 

do 
qi 
4\ 


——-—u- 


Fig. 1.10 Transition Diagram 
0:15. Explain the procedure 
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The construction of the Moore machine which is equivalent to the Mealy 


as follows — . f 
tage, we develop the procedure so that both machines accept 


of input sequences. We look into the next state column 
nd determine the number of different outputs associated 


machine is 

At the first 5 
xactly the same set 
or any state, Say di» a 


‘with q; in that column. 
Then we split g; into several different states, the number of such states 


eing equal to the number of different outputs associated with q;- x 
P: In the example in table 1.4, qy is associated with one output 1 and 47 is 
sociated with two different outputs 0 and 1. Similarly g3 and q4 are associated 
with the outputs 0 and 0; 1 respectively. So, we split 42 and q4 into 420 and 
1421, and 440 and 441 respectively: Table 1.5 can be reconstructed for the new 
"states as in table 1.5. : 

Table 1.5 Intermediate State Table 


Present State 


ub __ The pair of states and outputs in the next state column can be rearranged 


as given in table 1.6. 


- Table 1.6 Rearranged State 
Я Table 


Table 1.7 An Equivalent 
Moore Machine 


Present 


БЕ 


Output 


Table 1,6 


Ui Bives th К 
115 associate, е Moore machine. Неге, 


d with.outnst T Thee. 


we observe that the initial state 
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achine starts at state 41: Thus this Moore machine 
zero-length sequence (null sequence) which is not accepted by the 
machine. To overcome this situation, either we must neglect the resp 
Moore machine to input A, or we must add a new starting State.g 
state transitions are identical with those of д] but whose output į 
table 1.6 is transformed as table 1.7. T 
It is clear from the procedure, if we have m-output, n-state | 
machine, the corresponding m-output Moore machine has no more than 
states. ‹ 
0.16. Explain the procedure for transforming a Moore тас! 
Mealy machine with the help of an example. K 
Ans. The following procedure is adopted to construct an equivalent 
machine from a given Moore machine. б 
(i) We have to define the output function A' for Mealy mad 
a function of present state and input symbol. 2' is defined as — 
4'(q,a) = A(6(q,a)) for all states д and input symbol a. 
Gi) The transition function is the same as that of the given M i 
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i m s ES 
of 1, if the i.e., the rows corresponding’ to the two-states are identical); then we can 
.е., 


move опе of them. 
i 0.17. What is Moore machine ? How finite automata can be converted 
to Moore machine ? Explain with the help of example. 
‘ (R.GPV, June 2015) 
Ans. Refer to Q.13. 
A finite automata can be converted into a Moore machine by introducing 
utput alphabet A — (0, 1} and defining the output function Z(g), such that 


4: l if qeF 
| 4 
eR А0) 5 if qeF 


For example, consider the automata given by table 1.10. 


-Table 1.10 Finite Automata Table 1.11 Moore Machine 


[Next State | В 
=0 Г==1| ^^ 


4\ 


- machine. 
Table 1.8 An Example Table 1.9 An Equivalent” 
of Moore Machine Mealy Machine 


Let A = (0, 1) be the introduced alphabet. The value of output is defined 
utput function А(д), we have 

Жао) = 1, A(q1) = 0, А92) = 0, 4(q3) = 0, 
- The Moore machine is constructed by writing output values calculated 
rresponding to states of FA. The Moore machine is shown in table 1.11. 


MERICAL PROBLEMS 


| Prob.1. Design a FA which accepts set of strings containing four I's in 
string over alphabet = (0, 1}. ^ (R.GP, Dec. 20087 


| Sol. The finite automaton M is given by A 
M = (qo. аъ d» 93> @ 95). 10, 1). б, gos (241) 
The finite automaton is аз shown in fig. 1.11. 


Fig. 1.11 Finite Automaton En 
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Г 2. Design DFA that accepts all strings with at most 3 д 


р“ RGRY, J 
L The finite automaton M is given by 


Soi i 
М = ({40, 91, 42» 43» 94), (а, Б), б, do, (qq, UT 
The finite automaton is shown in fig. 1.12. : 


Fig. 1.12 DFA 
Prob.3. Construct a finite automata for the language 


{0" | n mod 3 = 2, n 2 0j. 
_ Sol. No. of strings generated by language 
are — 
00, 00000, 00000000,00000000000, ..... 


So, finite automata for the given language is 
shown in fig. 1.13. 


VÀ 


N 


Sol. NFA for the language 
L= (cbab^ | n >= 0} A 


M= Ча, 41. 4» 43), (a, b, с}, б, ag ta) 
Here, the NFA is such that it accept: ' 


is 


So, NFA for the given language is shown in-fig. 1.14. 


e. et 
- (20) Q Qu (©) 


ae z Fig. 1014 
—Prob.5. Drawa deterministi п 
Жейу istic fini j 

ў language {w/w contains the Prin, "Чыны, Sor alphabet {al 


s ig. f 15 Finite Ашотага Accepting fa, b)* fabab) 


3ymbols, 


(R.GBE, Dec С Even 
Note — ‘—> This symbol shows that given state is starting state i.e 


(a 40 апа Ө qo 


Therefore, 


Prob.4. Design a NFA for {cbab"|n >= 0}. (R.GBV, June 


abb, chabbb, .... 5 all strings of théltype t Ё[ 
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` prob.6. Design a machine which checks whether a given decimal 
rob. 6. 
ber is “EVEN”. 
L There will be two states one for EVEN and second one for odd. 
че 0, 2, 4, 6, 8 indicate that they are even numbers because when we 
Tivide these numbers by '2' we get remainder “0” otherwise odd number. 


Table 1.12 State Table 


[s eas 6 PEA 


90 
42 
42 


= 


* Final state which is accepting state. 


x= {0, 1, 2, 3, 4, 5, 6, 7, 8, 9} 
Q= {90 9, Ф) 

6 = The transition of states 
qo = Start state 

F= {q} 


Table 1.13 
0, 2, 4, 6, 8 


1 
1 
0 


i5 Transition Diagram — 
_ Suppose the number is — 246710321 


go 246710321 
2 42 46710321 


24 42 6710321 
246 42 710321 
2467 2110321 
24671 410321 
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246710 42 321 


2467103 41 21 
24671032 92 1 


246710 321| я | 


As we end up in the state у which is a non-final state therefore 
number is odd. 


Prob.7. Design a machine which can check that given string is dii 


by 4. : 

Sol. To check divisibility by *4' there will be four states with Teman 
“0°, remainder ‘1’, remainder ‘2’ and remainder ‘3’ and one more State чә 
starting state. Fig. 117 


Table 1.14 


10481159126 | $7 | 
42 
42 
40 
42 
40 


Prob.8 Construct an deterministic accepter equivalent to My = 
daw аф (ts Bs 5, doy (oJ). Sis defined by its state table given in table 1.17. 
Table 1.17 State Table of My 


Note— We can merge two states by one, if both states have same 
and both of them are final or non-final states. 


Sol. For the deterministic accepter Mp — 
(i) The states are subsets of (qo. 91}, 12 Ф [go]; [go g1} [ai]. 
Gi) [qo] is the initial state. 
(iii) [go] and [ао, q1] are the final states, as they are the only states 
_ iaving [go]. 
ү (iv) Sis defined by the state table given in table 1.18. 
Table 1.18 State Table of Mp 


а е 1.14 row-q, and row-g; both are identical and both of theni 
Ar states. So we are replacing state q3 by.qy ' 


Table 1.15 


"we can observe that two columns į 
/ observ: in tabli i 
Tene they чер, le 1.15 are same i.e., for 1, 5,9 


Table 1.16 


[29,441 [40,911 [29.44] 


and q; appear in the rows corresponding to qo and 41 and the column 
responding to a. So, 5 ([qo. gil; а) = 140 4\1. 
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has л states, the corresponding finite accepter has 


М, : 
уы d t 5 for all these states, but on, 


However, we need not construc 


states re , 
accepting L(My). So, we start the construction of 6 for [go]. Wen 


à à E р 
considering only states appearing earlier under input columns and a 


Sfor them. We halt when no more new states appear under the inpu 


Prob.9. Give DFA accepting the language over alphabet (0 |, 


that all strings of 0 and 1 ending in 101. (К.СРУ, D 


in 101. Now we construct a DFA accepting the regular expression ( 


corresponding to given language. The set of input alphabet is {0, 1 


Fig. 1.18 shows a transition diagram for the FA. 
0,1 


9-0-0-0 
Fig. 1.18 FA Accepting (0 + 1)*101 

Now, we construct a transition table for fig. 1.18. 
Table 1.19 Transition Table for FA 
41 4i |.4102 


42 43 
43 


Table 1.20 Transition Tableifọr DEA 
State 0 ы 


lal Aig 92] 


[91 92] [21:421 
[91 23] [41 92 27] 
[4\424/] lai аә] 


Fig. 1.19 DFA 


Accepting Strings Ending in 101 


lis nly бу. 
achable from [go], this is because, we have to construct gut 


Sol. The expression (0 + 1)*101 denotes all strings of 0’s and Ise 


verd. 
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; prol {0. рмеп deterininistic finite automaton accepting the following 
anguages over the alphabet {0, I} — 
(i) The set of all words ending in 00. 


(ii). The set of all words except €. 

(iii) The set of all words that begin with 0. : 
(R.GP. FE, Dec. 2015) 
‘Sol. (i) The expression (0 + 1)* 00 denotes all strings of 0’s and 1°$ 
ing in 00. Fig. 1.20 shows a transition diagram for the DFA. 


Fig. 1.20 
ET (ii) The DFA accepting the set ofall words except € over the alphabet 
1} is shown in fig. 1.21. 


0,1 


Fig. 1.21 


Gii) The DFA accepting the set of all words that begin with 0 over 
е alphabet {0,1} is shown in fig. 1.22. 


de (40) 0 


` Fig. 1.22 pe 
бран DFA accepting the language over the alphabet 0,1 


tat have-the set of all strings ending in 00. (R.GP.,, Dec. 201 9 


- Sol. Refer to the sol. of Prob.10 (i). 


Prob.12. i i yen по. о, 0% and even no. of 1%. 
rob.12. Design FA which accepts even f AGRE DE. pens 


Or dE 
Construct DFA over input alphabet Z = (0, 1} to accept string № 


tains no, of 0 is even and no. of 1 is even. (R.GBK,, June 2010) 
Or 
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Construct a DFA accepting set of all strings containing ey, Я 
and even no. of b’s over alphabet (a, bj. RG PY, 
Sol. Consider the transition diagram of fig. 1.23. This FA jg d 
M= (Q, 5 б, ао, Р), where О = {40 d, 4» 9} Z= {а, b}, Fs 
Sis shown in fig. 1.24. 


States riginal valu 


Be ded. 
41 

72 еп we 
73 


* 'emainder ‘1’. 
Fig. 1.23 The Transition Diagram Fig. 1.24 Sfor the FA of Fig. ) Formula — 
of a Finite Automaton US. In state Gg — 
Suppose bbabab is input to M. Since 5(40, b) =q; and 5(q;, b) ql 
5(qo, bb) = Alao, b), b) = 541, Б) = 40 
Therefore, bb is in L(M), but we are interested in bbabab. We con 
ó(qo, а) = q2. Thus, E Hu 
5 (qo, bba) = 5 (6 (qo, bb), a) = ó (qo, а) = 4 
Continuing in this manner, we find that 
ô (qo. bbab) = 43, 5 (qo, bbaba) = q; 
d finally 5 (qo, bbabab) = qq 
- The entire state of sequence is 
a 40 af a6 a3 98 4? а0 
‘Thus bbabab is in L(M). 


In state q1— 


is divisible by gr 
- In state 45 — 


$ = Prob.13; Construct a finite automaton accepting all strings over f 
(i) . Having odd number of 0% 
(ii). Having even number of 0's and even number of 1%. 


Fig. 1.25 


M : aaaab, ...... 
Р 
у mber of 0% and even number of 1% = 


* DFA for the 


Sol. (i) In binary number when we 
ant to find the corresponding value 
‘ceiving a new bit then remember the 
е is doubled and new bit is 


"In starting state if we receive “0”, 
go to state where remainder is 
^, if we get ‘1’ then the next state is 


Unit-| 29 


vob. 14. Construct DFA for — 
(i) Binary integer divisible by 3 (ii) a"b|n 20. 


(В.СР.И, Dec. 2009) 


Table 1.21 


EO 
(rem ‘0’) 
(rem*l qj 
(rem ‘2’) 42 


2 x Old remainder + Next bit 
2x 0 (rem *0") + 0 (next bit) 
=0+0 
= 0 (remainder ‘0’, i.e. state go) 
2 x 0 (rem *0°) + 1 (next bit) 
=0+1=1 
2 x 1 (rem ‘1’) + 0 (next bit) 
' =2+0=2 
2 x 1 (rem ‘1”) + 1(next bit) 
=2+1=3 
and remainder is ‘0’ i.e., state “go” 
2 х 2 (old remainder) + 0 (next bit) 
=4+0 ; 
= 4 (remainder ‘1’ i.e., g1) 


2 x 2 (old remainder *2") + 1(next bit) 


=4+1 Е 
7.55 (remaindér ‘2° i.e., staté 92) 


o 


Sol. (0. Having odd number of 0's = 
‘finite automaton M is given b АЧ Я 
ee i y Ха ( -@ 
M (ао 91}, (0, 1), б, 4o. (913) is © VE 
1 
Qo Qi 2 
Ф Fig. 1.26 Fig, 1-27: 


(11) No. of strings generated by language a”bjn 2 0 are- b, ab, aab, 


given language is shown in fig. 1.27.: 


30 Theory of Computation (V-Sem., IT-Branch) 


Prob.15. Construct a finite automaton that will accept those 


5 ([aB], а)= [B] 
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Sol. Refer to Prob.14 (i). 
Prob.16. Define deterministic finite automata. Draw DF4 that oy, 
any string which ends with 1 or it ends with an even number of 9 lly : 

the last 1. Alphabets are {0, 1}. (R.GRY, Dat 

Sol. DFA — Refer to Q.7. el 
А РЕА can be determined as, 

M = ({9 9 45). (0, 1), & 90 {41}) 
where Sis defined in form of transition table 1.22. 


Class of language accepted by DFA is 
= (0, 1}* {1} or (0, 1}*{1} {0, 0}* 
L..07* 


0 
OOO 
Fig. 1.28 
Prob.17. Construct a DFA accepting all strings w over {0, 1} эш с. | 
the number of 1% in w is 3 mod 4. | (К.СР,И, Deca 
Sol. The finite automata M is given by А : к: 
М = ((qo. 91 q2 93), {0,-1}, $, do. {q3}) 


Fig. 1.31 NFA for Left Linear Grammar ^ 


А Prob.19. Construct ап РЕА ‘accepting the set of all string over the 
Uphabet (0, 1}, such that number of 0% divisible by 5 and number of 1% 
visible by 3. о tore Tu (R.GPE, Dec. 2012) 


E 


Fig.129 M. a W 


:Prob.18. Construct NFA for the Jülliuinz а ... po Consider the transition diagram of fig. 1.32. This FA is denoted by 
`$ -> Abjab; A — АЫВЬ, В > Ваа. - ——(R.GBV, June K (Q, Z, 5-40 Е), where О = (qo, q1. 92+ 455-943 95,95 47, 48 do. Фо 
The ài 4 ир > 412: 913, 414} and F.=. {qo}, Z= {0,1} and dis shown in table 1.23. 


First One 


First Zero 4% 


}, T= (a, b) and e is Second Zero q, q, First One 
ô ([5], e) = [БА], [ba] Third Zero q, а First One 
&([4], ө = [bA], [bB] Fourth Zero q, Ф First One 

Fifth Zero д, 3 First One 


5068. €) = [aB], [a] 
6 ([bA], b)= [4] 
5 ([ba], b) = [a] 


Second One qs 
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Third One 4% 
Second One 47 
Third One 48 
Second One 99 
Third Опе 410 
Second One di 
ThirdOne 4:2 


Second Опе 413 
Third Опе 414 


ом = (p, 4› r, s}, 10, 1},°6, р, fq, SJ) 
ĝis ашп the following table — 
[a] o [ звы 
FIETIEZN 
|a | tba] to 2 


|- dw | 


Prob.20. Construct DFA equivalent to the NFA. 


Sol. The DFA M, equivalent to M is defined as follows — 
pet. M= Q9, (0, 1, 5р, F} 

ilo 5], (р, 4, 5], I» 4, з], [р, 9, r, 5]) 

onstruction by considering [p] first, The state tab 


Table 1.24 State Table of DFA 


Prob.21. Construct a DFA equivalent t0 an NDFA whose transition 


(R.GR¥., Dec. 201 2 
equivalent to M is defined as follows — 
Table 1.25 State Table of DFA 


4 


ВЫ Sol. The deterministic automaton M; 
M, = (20, (a, b}, б, [qo] F) 
where, 

E We start the construction by 1 
onsidering [qo] first. We get [qi- 93] 140 
апа [q2, яз]. Then we construct 6 for [41-93] 
Газ, аз] and [q2; аз]. After constructing 
6 for [q), 93] and [92, 43], we do not 
|get any new states and so we terminate 
e construction of 8. The state table is 


Prob.22. Convert the following NFA into an equivalent deterministic 


(Е.ЄР.Ё, De 


791 0,1 
Fig. 1.33 PX 
Bey: The NFA starts in state qo, so the initial state of the DFA wil” 
ed (qo). Since dy (400) = (qo. di), we introduce the state (qo, Ф) in 


3 -Branch, 
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dd an edge labeled 0 between {qo} and (go. 41}. In the sam 
z quen 5y (qo D = 4 |} gives us the new state {q1} and an edge | 
consi » | 
1 between it and {40}- 


Similarly, 
&y (n) 9 = {a2} 
бу (fa). D = {42} 


ву Ча а}, 0 = Alao} 900) 
{qo gi} Y {42} = {90 9 42) 


5({q0}0) Yala һо) v4([a2 20) 


laa] [0] 79 x {ао,а1,42} ; y 


бу ({о›41›а2 1) = {9102} : | 
&y([0.41.1) = Aao} 1) &({а1Ь1) 
{atv {a2} = 44, 42} 
oy ({a1,92},0) = {2} 
dy ({91,92}.1) = {92} 
dy ({a2},0) = 6 
ów([a2.1) = {92} 


е Ars shown in fig. 1.34, ia DFA, equivalent to the NFA. 


p.23. Construct minimized DFA for the given NFA. 


COLL 


a 


s Pro 


Fig. 1.35 (R.GPYV., June 2009) 

Or 
Convert the following NFA into DFA (see fig. 1.35). (R.GP.V., Dec. 2008) 
е 1.26 shows the transition table of the 


Ш 


M 


бу (90 41. 42), 0) 
Sol. Construction of DFA — Tabl 


given NFA. 
Table 1.26 Transition Table 


Table 1.27 Transition Table for the DFA 


Ш 


[4о› 41. 92] 
[40> 91» 92> 93] 


The successor table is constructed for the DFA, and given in table 1.27. 
Fig. 1.36 shows the transition diagram reduced DFA. 


еҷ 


РгоЬ,24 пела 
„24. Convert the following МЕА with € to cjuivalent DFA.- 


Fig. 1.37 (R.GBK, June 2011) - 


T-Branciy 
f Computation (V-Sem., I | : 
36 Theory O given step-by-step in 


FA is 
1. The conversion о р р 
So hi i fN FA to 
a b 


ay * 


b 
(b) 
Fig. 1.38 


The DFA shown in fig. 1.38 (b) can be redrawn as fig. 1.39. 


Fig. 1.39 ; 
Prob.25. Convert the following NDFA to deterministic finite automa M 


‘and 


Fig. 1.40 

Sol. We construct the transition table 
&-moves as given in table 1.28. 

Table 1.28 


ф 
(1, 3] |r1,2, 3]| р, з] 
[2, 3] н 


The successor table is cons 

tru 
The State diagram for см 
‘the successor table is the 
Tequired DFA: as indicated 
fig. 1.41 since Q and 
О) аге the ошу final states 
of NDFA, therefore all 
states аге the final states 
OF DFA. .- Ae 


Fig. 1.41 Constructed DFA 


| Prob.26. Determine th 


| top labelled є. 


Transition m 
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e DFA equivalent to the given NFA — 
: ^ 
0 Q 1 
@—=-©@—°—@© 


Fig. 1.42 (K. GP E, Dec. 2016) 


Sol. We know that 


-closure (4) = set of all vertices p such that there is a froi 
los ( ) > path rom q 
є-с 


6(q, © = closure (q) 

&(qo. €) = closure (фо) = (404192) 

5041: ©) = &clósure (71) = ess 

5 © = eclosure (42) = {42 
an g = Ay, {41› Ф) = A, and {9} = А5 
564), 0) = closure (94.9.0) 
— eclosure (55040, Ө Y 5(91, 9vó(g5, 9,0) 
€-closure (&( Ау U 45 Y 43, 0)) 
€-closure (5(41, 0)) 
= e-closure (ó(qo, 0) У 5(91, 0) O ó(q5, 0)) 


= eclosure ({40}  $ U Ø) 
= 21 


C745 c 45 c 4) 


* Similarly 


(41,1) = A, 

5( 4), 2) = 4 

(45,0) = ф 

$(45,1) = 45 

5( A, 2) = 4 

945,0) = à 

(45,1) = ó 

5043,2) = A; 

atrix is shown in table 1.30. 
Table 1.30 . 
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i i in fig. 1.43. 

equired DFA is shown in f 43 
the requ! 


a 1 1 


Last Two Digits of Binary Integer | Remainder 


So 


Te So, Moore machine which calculate mod-4 for each binary string treated 
'! as binary integer is shown in fig. 1.45. 


Fig. 1.43 


Prob.27. Draw a Mealy machine for the following language, ошу 5 
string is identical to the input string on the even position. Я 


(R.GPY, Dec. 
ee pu Hii: Fig. 1.45 A Moore Machine to Calculate Mod-4 for Each Binary Integer 
=| Prob.29. Construct a Mealy machine which can output EVEN, ODD 


11. according as the total number of I's encountered is even or odd. The input 
ta o |t symbols are 0 or 1. а (К.СР.И, Dec. 2010) 
Cw SX 001 LD \ Sol. We require two states qo and 41: 90 denotes even number of ones 


к. BET 4; denotes odd number of ones. First we construct ES.M. 
10,1 RN =>) of pay 
Fig. 1.44 Mealy Machine Sor Prob.27 ч а. * EGLSEN 


‘Let us convert the transition dia i iti 9 I 
LIGNO gram into transit the giv ^ - Ре д p 25: 
Problem. Table 1.31 shows the required Mealy machi it, Transition diagram for F.S.M. 


Table 1.31 Mealy Machine for Problem - 


я 3 E y. MEALY MACHINE 
ine which calculates mod-4 fort Blouson на given string containing even numbers of ones or odd 
(R.GP EZ, Dec. an S. Suppose input string is > 01110 
aw 201110 O/P > EVEN 


0401110 O/P > ODD 


Prob.28. Construct a Mi 
V k t oore m, 
“binary string treated as binary ee 
Sol Since last igi | 
ast two digits of every binary integer decides whether 


is divisible by 4 or not. So that i also ain 
is di ! 4 not. at it can i 
ps visi ls decide What wil] be the гетай 
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о/р — EVEN 


0141102 


эш 
Jj 


01110: OP > ODD 


о1110[4] 


q, shows that given strin 

Prob.30. Give Mealy an 

the input ends in “000°, output А; 
otherwise output С. 

Sol. This machine is 

the output is A, if the input 

partial design of it can be 


g containing odd number of ones. 


19 
д 


Fig. 1.46 


Now, we will insert the possibilities of 1’s and 0’s for each 
‘Moore machine becomes 


"s 


E Fig. 1.47 Moore Machine E 
ae the Mealy machine will be as follows — 


Fig. 1.48 Mealy Machine 


4 Moore machine for the input from (0 + 
if the input ends in 1, output) 

(R.GPF.,, Рес, 2jj 
designed in such a way that if the input ends inj 
t ends in 111, output is В. Otherwise output is 


made as follows — 


і 5 
| " Now, we construct the transition table as shown in table 1 


E. 


Unit-| 41 
1. Construct the Mealy machine equivalent to the given Moore 


К; Prob.3 
machine — 


Fig. 1.49 Moore Machine 
Sol. First, we convert the transition diagram into 


shown in table 1.32. 
Table 1.32 Transition Table for Moore Machine 


Next State 
Present State Output 
[Pens a=0 бае “| 


the transition table as 


24 4i 42 0 
42 а 43 0 
43 41 23 1 


.33 by 
associating the output with the transitions. The procedure is described in Q.17. 
Table 1.33 Intermediate Transition Table 


Present 
State 
= q. 1 
СА 
43 


In table 1.33, the rows corresponding to gz and 4; аге identical. So, we 


a En delete one of the two states, i.e, 42 or qs. We reconstruct the able ву 
eleting дз as shown in table 1.34. 
__ Table 1.34 Mealy Machine Equivalent to the Given Moore Machine 


m., IT-Branch) 


e next state column can be req, 


Р [7 ) Шлї-1 45 


ON afi 
Props 35. Convert the following Mealy machine into its equivalent Moore 
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The pair of states and outputs in th 

as given in table 1.39. 
Prob4. Cpnstruct 


Moore machine for the following Mealy mac 1 edi '! machiné.— 


1/1 0/2 
Ргезепї 
CX XX X) 1a State ат 1 аг 
C us їл | 
0/0 Es 40 4] n 
Fig. 1.53 3 41 41 y 2 n 


42 41 п 42 I 


(R.GP. E, June E ° 


Sol. Transition table of the fig. 1.53 is shown below — (R.GBE, Dec. 2012) 


Table 1.40 - SaL We construct the transition table as shown in table 1.42. 
Table 1.42 Intermediate State Table 


Input 


State 
[эзше [дери эше [бириг 


Next State 
а=1 
Онун 


= The pair of states and outputs in the next state column сап be 
-| rearranged as given in table 1.43 and this table is equivalent to the Moore 


Table 1.43 Moore Machine Equivalent 
to the Given Mealy Machine 


Present | Next State | oU 
г * 
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The corresponding transition diagram is shown in fig. 1.55. Uniti 47 


Table 1.45 Intermediate State Table 


"NER 
бше с —@=@ Ге Таш] ea 
| State [Output | State | Output | 


Fig. 1.55 Moore Machine 


Prob.36. Construct Moore machine equivalent to the given M, The pair of states and outputs in the next state column can be rearranged 
“аз given in table 1.46. 


machine — са 
Table 1.44 Transition Table for Mealy Machine Table 1.46 Rearranged State Table 


к. Since, the initial state q; is associated with output 1. This means that with 
(R. GP Y,, Dec. 2003, Ж input A we get an output of 1, if the machine starts at state д1. To overcome 
' "this situation, we add a new starting state qo, whose state transitions are 
identical with those of q, but whose output is 0. So, table 1.45 is transformed 
to table as shown in table 1.47. ` 


Table 1.47 Moore Machine Equivalent to the Given Mealy Machine 


Present [Next State — | Output 
State 


D ‘The transition diagram corresponding to table 1.44 is sho 


Fig. 1.56 Mealy Machine 


«Now, we construct the transition table as shown in table 145 
procedure is described in Q.16. 
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The corresponding transition diagram is shown in fig. 1.57, 


Fig. 1.57 Moore Machine 


E Q.1. What do you mean by alphabets ? 
| - Ans. An alphabet is a finite set of symbols. In the case of a common 
guage such as English, we would want the alphabet to include 26 letters, 
th uppercase and lowercase, as well as blanks and various punctuation 
bols. In the case of a programming language; we would want to add the 
eric digits. 

‚ 0.2. What do you mean by a string ? 

- Ans. A string (or word) is a finite sequence of symbols juxtaposed. For 
xample, a, b, and c are symbols and abcb is a string. 

The length of a string, w, denoted |w], is the number of symbols in the 
ng. For example, abcb hás length 4. The empty string denoted by e, is the 
ng consisting of zero symbols. 

Thus, |є|= 0 
` А prefix of a string is any number of leading symbols of that string and a 
suffix is any number of trailing symbols. For example, string abc has prefixes 
а, ab and abc, and its suffixes are є, c, bc and abc. А prefix or suffix of a 
tring other than the string itself, is called a proper prefix or suffix. 

- ets, The concatenation of two strings w and v is the string obtained by 

» appending the symbols of v to the right end of w, that is, if 


у= bib, ....... b, 
ед the concatenation of w and v, denoted by wy, is 
WV = ацау sarees аһ bibas by, 
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The empty string is the identity for the сопсаіепабоубре а 
ew=we =w for each string w. The reverse ofa string is obtained by ў 
symbols in reverse order, if w is а string as shown above, then j 


w= а,...аза 
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Q.3. Explain the term alphabet and string. 


Ans. Refer to Q.1 and Q.2. lefined recursively as follows — 
ns. . T 


(i) Any terminal symbol (i.e., an element of 2), д 


itive regular expressions 
(ii) The union of two гери 


0.4. What do you understand by a regular &rammar ? 
Or 


Explain the left linear grammar. 


ES 2 lar expressions R; and R, written as 
(R.GP И, Dec Ry + Rh, is also a regular expression 

| CN Ans. A regular grammar is one that is either left-linear ог righting Шш) Тһе ы аЙ Of two regular expressions R} and Ro, written 

| Б А grammar G = (V, T, P. S) is said to be lefi-linear if all prodi Fifa, is also aitegular expression 

E of the form — ^ 


(iv) The iteration (or closure 


) of a regular expression R, written as 
=. А 

is also a regular expression 

4—Bx or A+ x a Bu P 


where А, B, € V and x e T* 
А grammar is said to be right-linear ifall 
A — xB 


(v). If Ris a regular exp 
the absence of parenthesis, 
ration (closure), concatenati ion. i 


- i.e., in evaluating a regular 
perations, we perform iteration first, then 
ation, and finally union. 


Productions are of the f 


rite the identities of regular expression. (R.GP. И, 
Two regular expressions, say P and Q, are eq 
nt the same set of strings. 


Dec. 2017) 
uivalent (i.e.. 


Gi) dR-R$-6 

(ii) AR=RA=R 

(iv) A*= A and gt =A 
(V) R+R=R 

(vi) R*R* = рж 

(vii) RR* = R*R 

(viii) (R*)* = рж 

(ix) A+ RR*= R*=A+R*R 

(x) (PQ)* P= P(QP)* 

(xi) (P+ o= (P*Q*)* = (p* + озу 

(i) (P+ O) R= PR + QR and R(P + Q) = RP + RO. 

t P' means that the Set represented by the regular expression P) 
0.8. Define the language assoc 


lated with regular expressions. 
-~ Ans, Regular expressions can be u 
ER is a 


_ (‘Se 


tri 
the operato ngs of symbols 


sed to describe some simple languages. 
TS Such as + and *, 


regular expression, we will let L(R) denote the language associated 


E h, 
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i d as follows — y 
: is language İS define А 
with R. This E S ИЮ denoted by any regular expression R is. det ү. 
The ae oe | КО [а by ab + ba 
ee gis a regular expression, denoting the empty se 1 (iv) The set (A, 1 0) is represented by А + 10 
a Ais a regular expression, denoting {4} (v) The set (abb, a, b, bba} is represented by abba b bba 
(iii) For every ae, а is a regular expression denoting {a} (vi) As (A, a, aa, aaa, ..... } is simply Er ,itis represented a а 
d R, are regular expressions, then — E (ун) Any element in 41, 11, 111, ә} сап be Wem by 
р: | pncatenating | and any element of {1}*. Hence 1(1)* represents {1, 11, 111, 
(iv) IR; + Ro) = IR) Y МК) (у) LG Ra) = р oer ВРВ cd as (1* 
(vi) KRD) = L(Ry) (vii) L(R,*) =, E It is den: | ‹ " e "йын: 
The last four rules are used to reduce L(R) to simpler со 0.10. How can you test the equi eg 2 


inati i] 1 ions P and О. P and О are equivalent 
i i the t ur - A4ns.Let we have two regular expressions Ё ‘ 
RR P le ial келша, сол апа only if they represent the same set. Also, they are equivalent if and only 
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(iii) As {ab, ba} is the union of {ab} and {ba}, (ab, ba} is repre- 


poe " the corresponding finite automata are equivalent. 
an * M 
sia ipie we can exhibit the language L(a*(a + b)) in sni |. The equivalence of P and. Q can be proves by three ways — 


И (i) Prove that the sets P and О are ће same. (For non-equivalence, 
"Unda string in one set but not in the other). 

un Gi) Usethe identities to prove the equivalence of P and О 

(iii) Construct the corresponding finite automata M and M' and prove 
at they are equivalent. (For non-equivalence, prove that M and M’ are not 
alent) 

One of the above three methods can be chosen according to the problem. 


Ца* (a + Ьу) = L(a*) L(a + b) 
@(а))* (L(a) о L(5)) 
= (A a, aa, .........} (a, b) 
i , b, ab, aab, 
ir ber isa problem. with rules (iv) to (vii) in the d 
ee language Precisely if Ry and R, are given, but there 1 
biguity in dividing à complicated expression into parts. For е 
on ab * c, made up of R, = ab and Ку = с. 
€) {ab, с). But, there is nothing in the definition to 


ll 


11. State and prove the theorem describing the relation between 
ion systems and regular expressions. 

Ans. The languages accepted by finite automata are precisely the languages 
noted by regular expressions. So that there is ап NFA with e-transitions 
noting the same language. 

The following theorem describes the relation between transition systems 
d regular expressions — 

‘Theorem. Let R be a regular expression. Then there exists ап NFA with 
nsitions that accepts L(R). 

Proof. We show by induction on the number of operators in the regular 


en R that there is an NFA with €-transitions, having one final state and 
| nsitions out of this final state, such that 


= L(M) = L(R) 
m — The expression R must be €, ¢, or a for some a їп 5 The NFAs 
E -1 (a), (b) and (c) clearly satisfy the conditions. 


swt — (8)-— (2) Ld @) a © 


Fig. 2.1 Transi RR ()R=a 
+ 2.1 Transition Systems Recognizing Elementary Regular Sets 


(R.GP.K, Jun 
regular expressio F 
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Induction Step – Assume that the theorem is true for regu 


; АГ ey, ! Unit-I 55 
with fewer than i operators, і > 1. Let R have i operators. They’ 
(i) Case 1 – For union, i.e., R = Ry + Ry. Both Ri aniy == = 
have fewer than i operators. Thus there are NFAs M, = (Qi, 3,6 LE Fig. 2.3 Transition System Recognizing R = R 18 


and My = (Qz, Z» & 4» \)) with LM) = ЩК,) and цм) 
Since, we may rename states of an NFA at will we may assume | 4 
disjoint. Let ду be a new initial state and fọ a new final state, Then we ud. M= (Qi (99, fo) 21.6.49. Ufo) 
S nere dis given by — 


и Soy 
ыа Л (а) 5 aoe) = Mine = fq. f) 


54у 
where $ is defined by, N | 
(b) ô (q, a) = б\(д, a) forg in Q; — {fi} anda in Z1 otg 


A $ (iii) Case 3 — For closure, i.e., R = R,*. Let M, = (0), 5, б, а, 
n» and L(Mj) = R,. Then we construct 


(а) б(40,©) = {41,42} ; i 
; -> n Тһе construction of M is depicted in fig. 2.4. It follows that there is a 
(Ы) 5,4) =ô (q,a) for q З Qi - th} anda "Zu in M from q to fy labelled x if and only if we can write x—xj, x; 2.05 for 
(c) ó(q,a) 2ó5(q,a) for q is Q,— (5) and a in, me j > 0 (the case j = 0 means x = €) such that each x; is in L(M;) 

(9) 507,0) = 5102,6) = {fo} . 0 Т\(Му)* as desired: 
Recall by the inductive hypothesis that there аге по transitions) 

f, or fy in Му or My. Thus all the moves of М, and М, are present 
construction of M is depicted in fig. 22. It follows that Шеге 3 
labelled x in M from qq to Jo if and only if there is a path labelledsi 1 
from qı to f, or a path in М, from 92 to fy. Hence L(M) = L(. 
as desired. ` 


Fig. 2.4 Transition System Recognizing R = R 1e 
; This proof is in essence an algorithm for converting a regular expression 
_ to an equivalent finite automaton. 
СЭ the closure properties of regular sets. 
т Or 


Prove that the regular sets are closed under intersection. 


(R.GP.V., June 2003, Dec. 2003, June 2004) 
Or i 
Show that regular languages are closed under complement and 


ubtraction operation. (К.СРИ, Dec. 2002) 


(R. GB, Dec. 2017) 
Ói(4, а) for 


є) = Ф 
p бич, a) for q in О» and a in. Z; UY 
is depicted in fig. 2.3, Every path in 4 


€ stri : А 
d i from q; to fi, followed by té ^^; 


Or 
of regular languages. (R.GB V, Nov. 2018) 
Ans, If L, and L3 are regular languages, then there exist regular expression 
| and R, such that L, = L(Rj) and L, = L(R3). By definition, 
Rz, RíR5, and Ку" are regular expressions denoting the languages 


La, 1112, and L,*, respectively, Thus, closure under union, 
catenation, and star-closure is immediate, 


4 in Q; — {fı} and a in Mention the closure properties 
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theorems prove the other closure properties оѓ, терца 4 


; i substitution. 
Following Jar then transpose LT is also regula -'fheorem 4. The class of regular sets is closed under 
If L is regular ano 


i A* be 
A i * lar set and for each a in Z let Ra c 
Ди ery regular expression is recognized by transitiy proof. Let R = А doo 7 уе ws noeud iam) 
son em M кше Re га a a), X c à sti à d noting R and each Ra- Replace each occurrence of the 
pnr ч Any set accepted Бу FA is represented by a regular gp sgular XP pasion н xpression for R by the regular expression for R,. To 
ie L оГ" is regular set if and only if it is accepted by F4 sory bol a нунат н expression denotes AR), observe that the 
‘ : 5 H . 
wee rau i ecd Siri C of a union, product, or closure is the union, product or closure of 
^ TM-L М 


е substitution. A simple induction on the number of operators in the regular 
We construct a transition system M"by starting with the state, x 


i mpletes the proof. : 
Mand reversing the direction of the фей еЧрев,' ела init тһеогет Я The class of regular sets is closed under homomorphisms 
Mis defined as the set F, and до is defined as the (only) final state ii. d'inverse homomorphisms. 
м'= (Q, 2, 9, F, 440). "n dup ` Proof. Closure under homomorphisms follows immediately from closure 
E wie TOH, we havera path Bom qu, to Same Bilal pe in PY, der substitution, since every homomorphism is a substitution, in which 
value w. By ‘reversing the edges’, we get a pair in M’ from some finals à) has one member. 


F to qo. Its path value is w”. So w'e T(M^. In a similar way, we cats то show closure under inverse homomorphism, let M = (О, Z, 5, qo. Р) 
if wj € TM) then w,” є T(M). Thus from the state diagram, it is eas 


уо a DFA accepting Г, and let Л be a homomorphism from Ato z*. We 
oo ee rigorously that w € T(M) if and Ша а РЕА M' that accepts #7!(Z) by reading symbol a in Aand simulating 
T(M)) by induction on |м. So T(M)' = T(M’) we know that, asfon h(a). Formally, let M' = (О, A, 5, qo, F) and define 54, a), for q in О 
LoT is a regular set if and only if it is recognized by a transitio a in Ato be 5 (9, h(a). Note that h(a) may be a long string, or e, but óis 
UD is regular, ie, TU)? is regular © 'efined on all strings by extension. It is easy to show by induction on | x | that 
Theorem 2. If L is a regular set over qo. x) = 5 (qo, h(x). Therefore М" accepts x if and only if M accepts h(x). 
L is also regular over X. À Bis, L(M) = KIM). 


L^. “Theorem 6. The class of regular sets is closed under quotient with arbitrary sets. 


2; then the complem 


o gular if it is accepted by FA. We can cons Г 


W Z, б, 4 F) accepting L, i.e., L = "i ү: Proof. Let M = (О, ХУ, 5, qo, F) be a finite automaton accepting some 

236 construct another DFA М^= ` Э) pgular set R and let L be an arbitrary language. The quotient R/L is accepted 

Mand M'differ only in their a 2 Gao P) by defining P-L A finite automaton M = (О, Z, 5, д0, F), which behaves like M except that 
State of Mand vice.” their final states Afinal stale of МАЗ ри ашотаіюп M = (O, 2, & do Р), Р 


: мег; Я 
except for the final шы, "sus diagrams of M and. M are th 


Ww € TM) if and 
WEL. This proves 


ne final states of № are all states q of M such that there exists y in Z for 
hich ó (а, y) is in F. Then ó (qo, x) is in F' if and only if there exists y such 
at ô (qo, xy) is in F. Thus, М” accepts R/L. 


only if 5 (qo, Wie F= О — F, ie бар 


Q.13. State and prove Arden's theorem. 


Ans. It is very much useful in simplifying regular expressions. 
It can be given as follows — 


Let P and О be two regular expressions over X. If P does not contain А, 
n the following equation — 


“LOL, ig a 


i = пот у — R=Q+RP se) 
L and L, Now. s 195 а unique solution (i.e., one and only one solution) given by — 
ntation, so are Z, : а 2nd L, are regular, then Д ма К + ОР* 
1 "1€ Ж. Using closure under Ul Proof — Q-* (QP*) P =Q(A+ P*P) 


"px (by identity (ix) of Q.7) 
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Бе ee к= ОР*. It 7 
ay is satisfied when А = QP*. It means tha, ; 
Hence equation © is satis: чү . The following three statements are equivalent 
a solution of equation 0. ©. Theorem. 


А take equation (i). Неге, we т 
uniqueness, 
Now, to prove 


t 
+ RP on the R.H.S., we ge 
; Q+RP=Q+(QtRP)P 


Th t i me finite automaton 

i eset Lc x is accepted by SO! à te auti to; 2 
О, 1, is the union of some of the equivalence classes of a right 
(ii 1 


jent equivalence relation of finite index 
vat! 


- if and only if 
ii i lation А, be defined by — xRyy i ind: 
Qi gp ape i шу, ps ааа зы x is іп L. Then A, is of finite index. 
i n 
gor on + ОР! y d г ee ii ili that L is accepted by some DFA M =(Q, =, 6, 
E. s audi d 2 же ЕЕ pro pd RR relation xR,,y if and only if 5 (qo. x)- 
= Q(AFP HPO +.............. A 


: = then 
doe А ; for any z, if 40, х) = 6 (qo У), 
РЕ: is right inva e *, is finite, since the index is at most the 

picts pass i i (до, *2) = 9 (40 У. 2). The Ех 9 1 Tot f those equivalence classes 

R=Q(A+PH+P2+....+ Рі) + ЕРЇ+1 foris do of states in Q. Moreover, L is the i eI ое ес с 
"c ; 15 1n Г, 1... ч 

Now we show that апу solution of equation (i) is equiva ent (iat, include a string x оњ. that Ago, х) > 
Suppose R satisfies equation (i), then it satisfies equation (ii). Let ul rresponding to final states. 
of length i in the set R. Then и belongs to the set Q(A- P Р? + 
+Р!у+ КРЇ+1 As P does not have A, RP * ! has no string of length 
i+ and so и is not in the set Р! + 1, This means и belongs | 
QOA+P+ P+, - + Р!), and hence to QP*. i F is in L if and only if xz is in L. 

Consider a strin th А P*. Th : in thi рі gy Yarient, for each in г”, ахуй EUM ay dua de that 

wring и in the set OP*. Then u is ш the set Q. р: IUS xR y. and hence the equivalence class of x in Rz. > 
k > 0 and hence in О( A+ P+ Р? +... + PF. So u is on theRE УЧ?” 


-H.S. of equation (ii)]. Thus Ra 


A 


(R. GP. KE, IL exactly when yuz is іп L. But since xRyy, by the definition of Rz cca 
ў ‚ Ог = at for any v, xv is in L exactly when уу is in L. Let va wz to prove 1. 
Š ' and prove Myhill-Nerode theorem. a 4 : 


g ght invarient. ы jui ы 
л (GP, June 2003, Dec. 2007). Now let Q’ be the finite set of equivalence classes of Ry Ба 

sh Decr Or. "uA __ lement of Q "containing x. Define 5 ([x], WU ok pec aug cid : 
short nog on Myhilt-Nerson theorem. (RGB. imide R, is right invarient. Had we chosen у instead of x from the equivalence 
: d orem. А, 77777 ass [x], we would have obtained  ([x], a) = [va]. But xRyy, so xz is in L 
he Myhill-Nerode theorem, x 


: a actly, when yz is in L. Particularly, if = az 4 xaz’is іп L exactly when yaz'is 
State ihe M; pa Or Gh AL, so xaR; ya, and [xa] = [va]. Let qo' = [€] and let Е/= {ix} | xis in LY. The 
Ту т н Меде theorem, ` > py, June Anite automaton M’= (О, £, 5’, ау„ F) accepts L, since & (go, x) = [x], and 
Write and А Or . q GRE Te Us x is in L(M? if and only if [x] is in F^ 
í i: explain Myhill-Nerode theorem 


` 0.15. Give the minimization algorithm to minimize the finite automata 
Or 


Не. help of Myhill-Nerode theorem. 


Ans. The Myhill-Nerode theorem has the implication that there is an 
sentially unique minimum state DFA for every regular set. ў 


‘Theorem — The minimum state automaton accepting a set Z is unique 
ап isomorphism (i,e., renaming of the states) and is given by Af. 
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6 


hill-Nerode theorem, we g С 

— [n the proof of My! a 

е ©: T 4 ie one " Mes lagen there exists x, у, z such that — 
= (Q, 24 % do the number of states o SN 

refinement of Rz. Therefore, |, t 


S Brea u = хуг, y # A, and ху2 e L, for each i > 0; 
i S Cal 
al to the number of states of M'. If equality holds, then each Proof — Let и = A703 dy, mèn 
equ 


of M can be identified with one of the states of M'. i.e., let q be 8 (qo. a14545....a) = qj , for i= bZ im 
There must be some xin £ , such that 8 (90, X) = 9, otherwig 

removed from Q, and a smaller automation found. Identify g у 
8' (ду х), of М. This identification will be consistent. If 5 t t 
=q ‘hen, by the proof of Myhill-Nerode theorem, x and Y are in ti mong various repeated states pairs, take the first pair. Let us take them as 
equivalence class of Rz. Thus, ó'(qo', x) = 5' (90, y). 
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dj dj dp 
2, represent these strin respectively. Now, as 
(О, X, бр Aten ieee aw Let x, эъ, тер e 

= be the equivalence relation on the states of M such that р=9 а g< oe МЕР 
for each input string x, 5(p, x) is an accepting state if and only if б, ү: р 

accepting state. It is observed that there is an isomorphism be 


ath value u in the 
tween, 
equivalence classes of = that contain a state reachable from qy Буз 


ansition diagram of. Q 
mum state FA М". Thus the states 


string and the states of the mini 
be identified with these classes. E The automaton M starts from the initial state, i.e., д0. On applying the 
Rather than give a formal algorithm for computing the equivalenceiring x, it reaches q; (which is equal to q,). On applying the string у, it comes 
of = we first work through an example first some: terminology is nesck. to qj. So after application of y for each i > 0; the automaton is in ia 
9, We say p is equivalent to q. We say that pis distinguishable fromgame tate, ie. qj. On applying z, it reaches g, іе, а final state. ү m 
; X) is in F and ó (q, x) is not, or у ven ‚ Since every state in 9; is obtained by applying Е syml с E 

16. Explain Myhill-Nerode қ Note that ће decomposition is valid only for strings of length grea 


=| is shown in fig. Fig. 2.5 String Accepted by M 
0015. 


method of minimization. 
(R.GP.K., June 2009, з 

; thich are longer than xyz and are in L. By considering the path from 40 to q and 

Jen (without going through the loop), we obtain a path ending in a 

value xz. This corresponds to the case when i — 0. 


Q.18. What do you mean by closure properties of regular languages ? 
te these properties. State pumping lemma and show that L = а=) 
| not a regular language. ` ` 


(Ё.СРИ, Dec. 2015) 
/ Ans. Refer to Q.12, Q.17 and Prob.26. 


01 9. Define the application of pumping lemma. (R.GBV, Dec. 2002) 
ine Pumping lemma can be used to prove that certain 


Owing are the Steps needed to prove it — 


(1) Step 1- Suppose L is regular. Let n be the number of states in 
Corresponding finite automaton, 


(ii) Step 2 — Select a s 
Write и = xyz, 


Sets are not regular. 


tring u such that lul 2: n. Using pumping 
with [xy| < n and |y] > 0. 
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(iii) Step 3 — Find an appropriate integer i such that 
ontradicts our assumption. Hence L is not regular. 
ип i ia 
Note that, the crucial part of it is to find i such that — 


cases, we prove хут ¢ L by considering bo/z| While in 


Xy». 1 .- Unit- 63 

i ч _ Prob.3. Write regular expression for the following language — 

= The set of strings over. alphabet (a, b, c} containing at least one a and 

ч 

some сау, it least one D. (R.GPY., Dec. 2008) 
И - Sol. The regular expression for the set of all strings over fa, b, c) 

ntaining at least one “а” and at least one “b” is given by 


have to use the structure of strings in L. А 
{(atbtc)*a(atb+c)*b(atb+c)*} + {(а+Ь+с)*Ь(а+Ь+с)*а(а+Ь+с)у*у 
4 


NUMERICAL PROBLEMS 
: ! Prob.4. Give english description of the language of the. following regular 


Prob.1. Construct the regular expression over (a, b} such thal pression ü 


(i) All words begins with a (ii) All words ends witha. 

(iii) For exactly one ‘a’ ‚_ (i) For atleast 2 а» 

(vy) Should contain atleast one double letter. 
Sol. (i) All Words Begins with a — a(a + b)* 

(ii) All Words Ends with a — (a+ b)*a 


(0* 1*)* 000 (0 + 1)* 


M. (Е.СРУ, Dec. 2008) 
'* *SoL The given regular expression is 
B (0* 159-900 (0 +4)* 


i) ae Д. By using the identity (P + Q)* = (P*Q*)* = (P* + Q*)* for regular 
(tii) For Exactly One “а? > b*ab* . ~~ “expression, the above regular expression can be written as follows — 

(iv) For Atleast 2 a's — b*ab*ab* о | (0+ 1)* 000 (0 + 1)* 

©) Should Contain Atleast One Double Letter — (a+ а 


: @ bj. V m english, the expression (0 + 1)* 000 (0 + 1)* denotes all strings of 0% 
5 d 1’s with at least three consecutive 0's. 


Prob.2. Find regular grammars for the following languages о 
. @ L-fw|n,(w) and ny(w) are both even} E 


` Prob.5. Convert the following regular expression to NFA* with 
8) L= пан) — ny(w)) mod 3 = 1 i 


ansition — | 
А 4 . 01* "ut "^ (R.GPE, Dec. 2008) 
oL The given regular expression is 01*. : 
We сап express it with the initial state qo ànd firial dr. 
Start ©, 01* © ‹. ; 
(а) i: ; ; 
n the regular expression with the help of 


(R.GBY,, 


-We eliminate the concatenation i 
ate qj. 


km On On O) e - (6) 
(с) 


(b) 


" Fig. 2.6 . 
This is the required NFA with € move, 


rob. 


: шу 7 бепан) ~~) mod 3 = 1) 
is 
LG = (И T. Р, А уи 
4 A) 6. Construct ап NFA for the Sollowing regular expression — 
10+(0+1) 0 *1 


Wises) (R.GRV, Dec. 2007) 
: 2 3 «е ! d 01. The NFA is constructed by eliminating the operation +, concatenation 
pe .— In successive 5 uns enc d ocior 

C > aA/bDB/b : cessive steps, The step-by-step construction is given in fig. 2.7. 


Unit-Il 65 


(d) Equivalent Finite Automata 


Fig. 2.9 
Ь*) is given. Construct NFA for the 


Prob. 
pression and convert this NFA to РЕА. (R. GRE, Dec. 2010) 
| ‘The NFA for the given regular expression is given below — 


8. Regular expression (аа). 


Sol. 


a 


(c) Elimination of Concatenation апа * 
Fig. 2.7 


Now, we eliminate є-тоуе in fig. 2.7 (с) and get fig. 2.8 
NEA equivalent to the given regular expression. 


P 


i Fig. 2.11 NFA without € p E 
ow to convert it into DFA, make all possible input transitions to every state. 
he required DFA is shown in fig. 2.12. 


(a) 


29:1 
; E : (az). 115-0*(00 «01 @ 


ion (V-Sem., 17-Вгапсп/ 


tati 
Theory of Compu! | 
for the following set — 


р.9. Construct DFA e 
(i) АП strings of (0, 1} such that third sym. bol from ny 


Unit-Il. 67 


oie uired DFA is shown in fig. 2.16. 


(iii) The req 


ide is “I”. Г à 
E of (a, b} such that “аа? is not the Sub. 


ii) АП strings 
^ All strings of fa, b} where number of a’s are muli, 
and number of b's are multiple of two. Ц 


(R. GPV, Jun, 
i 


Sol. (i) The required regular expression is — 
(0+ 1)* 100+ 1) (0 * D. 

Now, we construct the transition system and get the NEA ас 

set of string. The transition system is shown in fig. 2.13. 
1,0 " А ` 


ALI 


Fig. 2.13 NFA for (0 + 1)* 1 (0 + 1) (0+1) 
The equivalent DFA is given in table 2.1. . de 
Table 2.1 DFA Equivalent to (0 + 1)* 1 (0 + 1) (0+1) 


Fig. 2.16 


".. Prob.10. For each of these regular expressions over (0, 1}, draw an 
VFA with €-move recognicing the corresponding language — 
@ (0+ 1) (01) (011)* „ (ii) 010* + 0 (01 + 10)*11. 
(В.СР.И, Dec. 2005) 


* Sol. (0 (0+1) (01)* (011)* — The NFA with e-moves is constructed by 
""liminating the operation +, concatenation and * in successive steps. The 
ep-by-step construction is given in fig. 2.17. 


"o (0+1) (01)* (011)* © 
State 0 ` 
[йо] | [29] Haan? М 
Dp do] . [2041] | (а) 
ИИ -010200 
à: 0971. | 140414 - T 
vr lael i at 70) 709 
1421 | 140929;] | [2901424 y ] : р | 
ил [4042] . M a є. С 
locate 1. (1909/1 "| [доа1@ 7] 
SE 1494/1 | 19092471 | [2914245] 
First create а DEA for the setof >.” : 
h contains 57 : 


hich accepts al] 
aa 


is shown in fig 2.15 5 0 the Fig. 2.15 DFA AcceP 
: 2 Which does not cont 


Кул 


Theory of Computation! 


id Unit-Il 69 


ven regular expression is 01 (0 + 1)*10. we can construct 
m with e-moves. Eliminating e-moves we get the NFA 


х ition syste! с н Wee? 
„ће Bing the given set of strings. The transition system is given їп fig. 2.19. 
icce 
1,0 


(e) E Q-1-9-—3-—9-—-6 


Fig: 247 Сопи] NEA with: acm Fig. 2.19 Transition System for 01 (0 + 1)* 10 
m uccessor table is constructed for DFA is given in table 2.2. 


Sol. (i) The gi 


(ii) 010* +0 (01 + 10)* 11 — The NFA with €-moves is 
by eliminating the operation +, concatenation and * in successiy 
step-by-step construction is given in fig. 2.18. А 


Тһе 5 
Table 2.2 


ES 


(a) 


010* 


3 Fig. 2.20 DFA of 01 (0 + 1)*10 

urhe state diagram for the successor table is the required DFA as indicated 

Jn fig. 2.20. As qyis the only final state of NFA, [9294 is only final state of DFA. 

—  — (i) ab*(a*b)a— 

0 (01 + 10)* 

(b) (01+ t à (a) Construction of transition graph eliminating €-moves is shown 
x ig. 2.21. 


(с) 
0 Ам | g . ; 

y (а) а o a,b © a © 
Fig. 2.21 FA Equivalent to ab* (a +b) a 


A 
(b) Construction of DFA — 
Table 2.3 Transition Table for DFA 


0 (01+10)* 11 


la] 
[42] Ф 
[93] ф ¢ 
laaz] | [42.93] | [41.92] 
[42,43] | [93] Ф 


E eo : 
РА, 13 İs the final state of NFA, so [q^ q3] and [4з] are the final states of 


"cti 
05.11. Construct D ton of үрд with &moves 


е FA 
© 01(04 ту» d 


r the n 
" following regular expressio 
б a+b) a, 


(R.GP¥, ЈИ 


Unit-H. £7 


utation (V-SeI- IT-Branch) 


14. Construct the NFA for the regular expression 
(0*(10 * 01)*11)*. 


Theory of Comp 


70 " 


Prob. 


Sol. 


Trap 
Fig. 2.22 DFA for ab*(a + b)a 


mfi pei finite automata for the given regular ey, 
(a + b) abb (Е.СРҮ, № : j 
; Fig. 2.25 
utomata to regular expression — 


xpression is (а + b)*abb. Now we can eng 
he following а! 
a 


Prob.15. Convert t 


Sol. The given regular е: 
the transition system with e moves. Now eliminating these €-moyesy 
the NFA accepting the given set a,b T b Y 
of strings. The transition (^ ын (a C) 
OO naa Onm O _ o © 
b 


system is given in fig. 2.23. 
The successor table for р; ВН E o 
таб Fig. 2.23 Transition System for (ath 
DFA is given in table 2.4. fi Ў "i Fig. 2.26 (R.GP.V., Dec. 2007) 
Table 2.4 — Sol We can directly apply the algebraic method using Arden's theorem. 
ince the graph does not contain any €-moves and there is only one initial state. 
The two equations for 41 and q, can be written as — 
qi= 9а + 420 | 
42 = Фа + db 


s theorem, we get, 
E p= a*(q2b) = (q2b)a * 
~~ Substituting q, in q5, WË get, xi 
q,7 q2a+(q2ba*)b = 924 *qaba*b 
= go(at+ba*b) = (a+ba*b)* 
the regular expression correspon 


By applying Arden’: 


г “The state di 
артат for the successor table is the required DFA 25 ind 


s in fig. 2.24. As q, is 
45is the only final state of NFA, so [qo, 73] i5 only fini! | 
^ 1 As q is the only final state, ding to the 


of DFA. 
potas 13. Руоуе (1+ 00*1) + (1 + Ур - n o iven diagram is (а + ba*b)*.. . psa 
UA )*(0 + ay 2 P ; 
501. Taking "rs py, Del - Prob.16. What is the language accepted by the following generalized 


LHS. - (14 00* 
1) + (1 + 00* 

=(1+ 1)(0 + 10* 

т a F ODIA (04 10*1)«0 +. ҷо 1068. 

n 0*1)[(0 + тот)» * 10*1)] 

es (^ + 00*)(0 + 10*1)* 

=10*(0 + 10*1)* 

= 0*1 (0+ 10*1)» 

-—RH.S. 


Fig. 2.27 


(R.GEF, Dec. 2004) 


utation (v-Sem., п-Бгапепу 
- Unit-ll 73 


72. Theory of COMP 56 E 
ccepted by it 15 i3 


Sol. The language а - 
i =qj0+q30+A 
x +ab) (bb) + ау = 410 + 43 
a (a+b) (4 ab) (bb) 4). агими а, 
as should be clear from an inspection of the graph. ae 0 
{ By substituting 43 19 q2, we get 


42 = 421 + 411 + 4201 

: 42 = 41 + 421 + 01) 

. Applying Arden’s theorem on 4,, We get 

= 9101 + 0D* 

_ By substituting 9; in 4, We get 

Ў а, = 40 * 4,00 A 

Now, substituting d; in qy, we get 

y а= + HG. + 01)* 00 + A 
q = 7, 0+ 1 (1 + 0D* 00) +A 

Once again by applying Arden’s theorem, we get 

д, = AC + 1 (1 + 01)* 00)* 


Prob.17. Find out the regular expression for given machine 


the theorem used. 


Sol. There is only one initial state. Also, there are no 
SO, 
ni 


A= + 
me tate qi (0 + 1 (1 + 01)* 00)* 
В c- Bl Since q, is the only final state, so the regular expression corresponding to 
Sed re B0 * C(0- 1) 2.29 is (0 + T (1 + 01)* 00)* 
= Al + 
Arden’s theorem, we get d 5.19. Convert the following DFA into regular expression 
A= A1*-1* 
; B= 40 + ВІ 
= 10+ ВІ 


erefc 
e ‘ore, by Arden’s theorem, we get 


Fig. 2.30 


К. th (R.GBV., June 2007) 
M ere is no A-move: e initi: | get bwi 

a Nations аук, Ai and only one initial state. We get the following 
do^ qoa * qb + A 

417 qob + Фа 

t а= 416 + qab 

. Appl 5 1 2. 

F Pplying Arden’s theorem on а and qa, we get 


Fig. 2.2 
т L. There is no A-moy ? q17 qob(a)* 
ons for qj, ду and g, es and only ong Nen (R.GBV, D Substituting Ыйы ON 
: : al state, We get the y In ga, we get 


427 qo ba*bb* 


74 Theory of Computation (V-Sem., IT-Branch) 
Substituting 7 ped Bots ie i 
qola + ba*bb*b) + А 
A(a + ba*bb*b)* 
(a + ba* bb* b)* 
By substituting gy in q}, we get- 
qı = (а + ba*bb*b)*ba* 


li 


Similarly, 
q2= (a + ba*bb*b)* ba*bp* 
As there are two final states q} and 9 thus the required Tegulare 
is obtained by taking union of qı and q», Therefore, "m 


41+ 9 = {(a + ba*bb*by*ba*) + {(а + Бау m 
= (a + ba*bb*b)*ba*(A+bb*) 
= (a + ba*bb*b)*ba*h* 


Prob.20. Find a regular expression corresponding to a finite aum 


у; 


(RGB, Det.) 


ce from the diagram that the oth 


аг ы 3 E 
© even-length strings of 0's, c orresponding? 


`- We denote this c. 
‘а String x for which 
‘The easiest wa: 

De y to reach 
String 11. Once the FA is cabs 


апа thése are the only stri > 
d У Strings th, 
A S that do ү 


Bet fro; 
by state D. Ол Ж 


(А, ху= р 


азе here on, the result will nev 


the FA reaches D, it stays in thet 
e other д.02 Prefix of any element 
any even Pting state B from A is 
. en-length string of 1’s returns 
Crefore, if x is a string that 


Unit-Il 75 


a rresponds to the regular expression (00)" + (00)*11(11)*., which can be 
“со! 
simplified to 


(00)* (1). 


Prob.21. Convert the following DFA into regular expression. 


GC Зо 
Оуу 

© 
Fig. 2.32 (В.СИ, June 2007) 


Sol. As the graph does not contain A-moves and there is only one initial 
“state, we get the following equations for 4, B, C and D — 


A= Bl* CO- A 
B= A0*DI 
C= A1* DI 
D= B0 + C0 


Ам, substituting В and C in A equation, 


A= A01 + D11 t A10 - DIO- A 
(D11 + D10 + A) +A (01 + 10) 
= (D (11 + 10) + A) (01 + 10)* 


= D (11 +10) (01 + 10)* + (01 + 10)* 


1 By substituting resulting А in B, 


B= (D (11 + 10) (01 + 10)* + (01 + 10)*)0+ DI 
= D (11 + 10) (01 + 10)* 0 + (01 + 10)* 0 + DI 
D ((11 + 10) (01 + 10)* 0 + 1) + (01 + 10)*0 


By substituting resulting А in С, 


C= (D (11 + 10) (01 + 10)* + (01 + 10)*)1 + DI 
= D (11 * 10) (01 + 10)*1 + (01 + 10)*1 + Рі 
= D ((11 10) (01 + 10)*1 + 1) + (01 + 10)*1 


~ Putting resulting B and C in D, we have 


D= (D((11- 10) (01 + 10)* 0 + 1) + (01 + 10)*0} 0 
* ATA * dr + 10)* 1-1) (01 + 10)* 10 
DAL + 10) (01 + 10)* 0 + 1)0 + (01 + 10)*00 
+ D (11-10) (01 +:10)* 1 +1) 0+ (01 +10} 1 
D {CAL +10) (01 + 10)*0 +1) 0+ (01+ A 
00 + ((11 + 10) (OL +-10)* 1 + D 
+ (OL +:10)* 10) 


ї 


Unit- 77 
T-Branch) 
of Computation (V-Sem., I ‚ 
оу j | | | : 
76 The ying Arden's theorem, we g a Е 
mE D= ((11+ 10) (01 + 10)* 0 + 1)04 QU. - On comple 
+((11+ 10) (01  10)* 1+ Dos (бу E. 


inimum state DFA for the ahead тат fig. 235- 
e 


1 Ё 4, we onclude that the equivalent 

f the table in fig. 2.34, с à aa 

af Th mini -state finite automaton 1s given 
e imum-s 

and d yf 1 


Prob.22. Construct тї 
minimization algorithm. 


b 
c 
d 
E: B 
iS " 
ЕЕЕ 
h rj "A maton 
|та д са „ Ж. nof Fig. 2.35 Minimum State Fi Auto; 
Fig. 2. а 
0 "^ Equivalent States А тз generate the same 
Fig. 2.33 "1 — Prob.23. Find out whether the following gramma E: 
(GR, Dec. 2006, Jum) Prot? pii 
Sol. Let M be the finite automaton of fig. 2.33. In fig. 2.34 мі G- 4> IF|e 
constructed a table with an entry for each pair of states. An x is placeli а в 1011 1А 
table each time we discover a pair of states that cannot be equivale Р : eum 2i | ID|e 
anx "iem in each entry Corresponding to one final state and one mi ^ A = e: | 1A 
€ place an х į i 
р n * in the entries (a, с), (b, €), (с, d), (c, е), (с. : j F-0A|1B| € 
E. m = X-0Y|0|JZ 
P and q that are not already ' КА Y —0X|1Y|4 
airs of states к = [Av as Z > 0Z | IX 
nd s have been shown to be distingu% _ 


(R.GBE, June 2009) 


mmars, 
Sol. Since the grammars G, and G, are the regular gra 

pair (p, 4) is. placed ©) = L(G), if the 
t some future time, if the (7; s) en mel State auto- 
e place ап x: Clated with the (z; s)-entry also гес mata accepting L(G), 


ae ly has an x d the minimal state 
fatty. (5 (a, 0), 5 (q, 0)) = (b ha he (a, d)- automata accepting 
T x 


Jüput O results in. the n i] G») are identical. 
Observe that on'input 1. 


Starting with a ] 


ап X, then the 


entry receives an. 
а, e) be; d Consideration of the (g, €) 
d on the list associated 
the same state апа Пепо 
: Because of the 0-input, the 


of The transition 
(diagram of the auto- 
ata accepting L(G) 
Blven in fig, 2.36. 


в Злое ааг й 


Theory of Computation ("7 ты 
he automata is deterministic, hence to minimize it we P 
The аш 


tate D is unreachable state, first eliminate state 1) 
Since s t 


Шпї-1! 79 
78 n 
up Ш is not possible, because the ye edm from all 
f Partitioning ОКЕ I goes to group I only for input 0. Similarly, 
members of gr me, De 
à 1)=B ^ 
А „= s not possible, because the ев from all 
Аг input 1. 
os наан Ш goes to group Il only for me a ET 
E рен E and F are non-distinguishable s xcd CIS 
E uc saes -distinguishable states. ао 
адо E B and F to from B,, we get fig. 2.38. клу 
HA a: E an exists no dead state in the automata s 
“Since ther ; 
п Be state automata accepting БС). 


eliminating state D we get- 


` Partitionin 


Fig. 2.37 


We then identify the non-distin. 


guishable states if any in the aby 
as follows — 


Initially we have two groups as follows — 


Fig. 2.39 


i is fig. 2.39. 
The transition diagram of the automata accepting L(G) EE 2535 
5(С, This is a non-deterministic automata, its equivalent determini; mata 
»0=C 
late B is distingui 
de group I into two 
shown below — 


Shable from rest of 
groups — 


{2} 


inisti is shown 
Therefore, the transition diagram of the deterministic automata 15 
fig. 2.40. 


This automata does not contain, 
achable, non-distinguishablé, as well. * 
ead state, hence it is a minimal state 
tomata accepting L(G»), and it is 
entical to the minimal state automata 
Septing L(G:), therefore, L(G) = 


72) and thus G, and С» generate the 
me language, 


IS not poss; 

S do, эл because the transitio 

220808,0) = 4 Ошу for input 1. 
(Е, 0) = 4 


yy of Computation homm eros 
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2 
tL = 4b |2215 that 
Prob.24. Show that the se { | } not regular case 1, We can take i = 0. As xyz = 0"1", xz = 07-61", As-k 21, 
‚ @срРу pen, SoxzeL. 

Sol. (i) Step 1 – Suppose L is regular and we get a contigs = [ ез 2, we take i= 0. As before, xz is 0” yt ang 5 * m =} So em 
be the number of states in FA accepting L. й t Ci ^ m 3, we take j =-2; As хуг = o" vo Vis, xyz = 

neko iok vi". As xy?z is not of the form 0, ху? #1. 
v. adiction. Therefore, L is not regular. 


ii) Ste 2-Letu- p". Then | u |= n? >n. Ea 
we can К. a with |»|sn and PEE 0. EC | ses we get a contr 
(iii) Step 3 — Consider xy? z. | xy? z | = | x] + 2| y | | 

+ |2 | аз |y|>0. It means п? = |xyz| = [1+1 
[ilen ylen Ts, |92| = |х|+2]у]+ г< +, ie, 
n° <|xy°z|<n +п<п? enenyl 


~ Thus in all the ca: 
à Prob.27. Prove the following is not regular language — 
ЭЎ razz | 

' This language consisting of 
string of 1's, is the language Lor 
E. Sol. Refer to Prob.26. 


a string of 0's followed by an equal length 
(R.GP.V., Dec. 2008) 


P 


2 : 
xy z| strictly occurs between л? and (n + 1); bute ч ` Prob.28. Use pumping lemma to prove that the following sets are not 


SA ; 
any о of them. Thus, |X^z| is not a perfect square. So x regular, 
у pumping lemma xyz є L. This is a contradiction. Thus, L is 


Prob.25. = is 
05.25. Prove L = (a? | p is а Prime} is not regular a 


Hence, 


@) L={a" ъ?"|п>0} (ii) Lía"|n is .a:prime number}. 
(R.GBE, June 2007) 


v Sok (i) LS fa" b?" | п 2 0} — We prove L is not regular by contradiction. 


lemma. 
Sol. (i). Step 1 — We su . (R.GPE, jn L is regular, зуе сап apply pumping lemma. Let п be the number of states. 
n be the number of States in the E is regular and get a contradiciaLet w= a"b?", By pumping lemma, w = xyz with [ху]. < n, |y |> 0 and xz є L. 
ище 5 | xv | Sn, xy = a" and y = a! where 0 < 1 < n. Ѕо х= = 27-102" е Ї, а 


(i) Step 2—1 


ontradiction since n — 1 п. Thus L is not regular. 
(ii) L {а" | n is a prime number] — Refer to Prob.25. 


= xyz, with [xy| п and | 
va .Prob.29. Apply pumping lemma to prove that L= (a? b?"| n 2 I} is not 
regular set. (R.GP.¥., Dec. 2003) 


[es F 
(Sol. (i) Step 1 — Suppose L is regular and we get a contradiction. Let m 


the number of states in finite automaton М accepting L. 
a (ii) Step 2— Let u = a”b?™, Then |u| = 3m > m. By pumping lemma 
"Write u = xyz with |xy| < п and |y] = 0: 
d Жер 3 — We want to find i so that xy'zeL for getting a 
I à n. The string y can be in any of the following forms — 

ase 1 — y has only а, i.e., y = аќ for some k > 1. 


Prid (Qr - 
t Hm " M Iur 
me. So ы Ixy'z| 2 pt pm = Ph 

9 2 £L. This is a contradiction. TM 


у Prob.26, Sho 
ЖККУ aaa d W that p = А 
S Sol: (i) = (0i 
| oL (i) Step 15 {0111 


ДЕЛ 
€ number of states ; m Lis ) ® not regular. 
ý; i 


e Want t : 
(а) Case. can be eon = that ху е], for 8 iis ATA has only 5's, i.e., у = b! for some 1 > 1. 

= s А se 3 — ^ y: Š $ 
(b) Case 2 а onl. ы) following forms]. In case |, Medis, а ae and b’s, i.e., у= ay for some А, 7 2.1. 
(c) Case 3 ^ 5 only 1» э Y= 0* for some k2! elm. Kum So m e i = 0. As xyz = а"Ь?", xz = a” -k gi As 


as both gs. 2? Y = 1 for some 721 In ca 
E E 1 Se 2, we take = : 
Kn 1%, ie; ye È l, Soxzer. € take i. = 0. As before xz is a"b?" -! and 2m — Г = 2m аз 


Theory of Computation ( v-Sem., IT-Branch) 
e 


e take i = 2. AS xyz 


82 


q-kakyjn) 
s xyz is not of the form ab”, ху? а E 
t a contradiction. Therefore, ү. is 


‚тп case. 3. W 
gr aja bar. А: 
i s we ge 
Thus, in all case 
Prob.30. Prove whether the sets are Rr or not — . 
р (|n2g 00 (07|n29. 
à) "n ida 
(R.GP. 
E ite uS 
Sol. @ (P"|n 21} We can wri 
02" as 0 (020, where i > 0. Now (002) | > 
0} is simply {0?}*, so Z is represented by 
the regular expression 0 (p)*0, where Р 
represents (02). The corresponding finite А 
automata is given in fig, 2.41. Fig. 2.41 FA fr 
(ii) (0" I" | n 20} — The proof is by contradiction. Let [= 
[n2 0). {5 (qo, 0") | n > 0} is a subset of О and hence finite, so б 
ô (qo, 0") for some m and n, m + n. So ó (do 
(8 (д 0"), 1") = 5 (go, 0"1"). As 071” 
is ô (qo, 0" 1") This means 0"]" 
Hence L is not regular. 


LES 
yt 
01”) = 8 (6 (go, 0% - 
€ L, ô (q9, 0^1") is a final statea - 
€ L with m # n, which isa contradi - 


; Prob.31. Using Pumping lemma show that 
@ fa" "| n> gp (ii) fa" 


L (i) Let i be constant of 
ай?! this ensures 
vw, thi 


the following set are 
b" | 0< n< m). á 
(R.GPY, 
Pumping lemma. > 
that Z is in Z and li. Td 
еп the possible choices of v satisfying the € a 


3 


v| S i are — 


b 
s ual to 

(ii) Let n be con: 
lert Z= шь, 


use if y ; 
У Td У 15 chosen to contain. b’s, th 
A Y Proving that Z is not regu 
15 €nsures "eus Тепипа, а 
uvw, then us ы 5 1, and Bla (beni 
Possible choices of у satis 


VS M S лапа}, 


Y= др. lS nare 


-For th 


avi 
get 
not be less than or equal to 


hat a” c b"\n 21 is not regular. 
poarre (В.СР.И, Dec. 2011) 


of (0 [мапа 


number 0: 


ге more í 
ca ction to pumping lemma. 


contradi 
с 
у саппо 


"Sol. Let и be any string such that 
u ea" c b” and |u| 2 3 
t us assume that 
pow е xyz where [y| € 0 and po] < л 
according to pumping lemma. à 
If u is regular the ху is also regular and vice versa. 
“Here, 6 cases arises — 


Case-1 — Let ye 
x =a 
z-b 

3 u = хут = a(c)ib 


— When i = 1, u = acb, which is іп L. 
"When i = 2, и = accb, which is not in L. 
Hence the language is not regular. 


\Case-2 — Let y=a 
- х=є 
z=cb 
и = xyiz = (a)icb 


 Wheni= 1, u= acb, which is in L. 
When i = 2, u = aacb, which is not in L. 
Hence the language is not regular. 


Case-3 — Let y=b 
x=ac 
z=e 
u = ас(Ь)! 


When і = 1, u= 
When j = 2 u= 
Case-4 — Let 


acb, which is in L. 
acbb, which is not in L. 


y=ac 
х=є 
z=b 
и = (асу 


When [= [ег 
When j = 2, item 
Hence, given lan 


ach, which is in L. 
acacb, which is not in Д. 
guage is not regular, 


Р ice of v, uv?w will be a"*?b”, and since 1 < p < n, uvw will 
iue nh f a's than b’s, hence it cannot belong to L. Therefore, we 


t contain b’s, because if v is chosen to contain b’s, then [иу] will 
n. Thereby proving that Z is not regular: 


(v-Sem., IT-Branch) 
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similarly for case 282 7 ch, z= €, x = a the give. ` Unit-li 85 
+ à ^ Н ТА 
regular for t = 
-6 - Let у=ас 
Case bas 
ч 2 d T 0.20. What is DFA and its applications T 
When i = 1, u = acb, whic s Js r 
When i 2, u = acbacb, which is not in L. Define DFA. List three household applications of finite automata. 
(R.GP. V, Dec. 2015) 


Hence, the given language is not regular. 


It is clear from all the above cases that the language Z = (cy Ans. РЕА — Refer to Q.7 (Unit): 


ty of software design problems that are simplified by 
f regular expression notation to an efficient computer 
responding finite automaton. Two such applications 


is not regular. И тһеге аге а varie 
Y x ý jutomatic conversion o 

Prob.33. Explain pumping lemma for regular sets. Also provefignplementation ofthe со: 

. are as follows — 

(i) Lexical Analyzers — The tokens of a programming language are 

ithout exception expressible as regular sets. 

Um (ii) Text Editors — Certain text editors and similar programs permit 

the substitution of a string for any string matching a given regular expression. 

Die Ts | (iii) Process Scheduler — FA allocates resource to the process 

ccording to the scheduling criteria process. 


set is not regular. 
L- (0m gr mèl andn 21} (R.GBY, Dee) 816; 
Sol. Pumping Lemma — Refer to Q.17. «most ж 
Given set, L is {071"0""*"|m > 1 and n 2 1} ; 
L= (0100, 011000, 001000, 00110000,.....} 
Case I- Let, y=1 ("уж л) 


x=0 E. 

z-00 _ 9.21. What is the use of finite automata in Lexical analyzer ? 

и = 0(1)00 E Ans. In Lexical analyzers, tokens are almost without exception expressible 
When i= 1, u = 0100 which is in “z? Б os regular sets. For example, 


,IRALGOL 
pus : e. E Е identifiers = (letter) (letter + digit)* е 
т2 1, п2 1} is not regulan .— Since identifiers are upper or lower case letter followed by any sequence 
M. ‚ЭЁ letter & digit so that we can express it as regular set. A number of Lexical 


hen i= 2, и = 01100 whi 
; ch in “1? 
Therefore, y= (omage min 


ase 2- Let, y=0 


х= 01 ] 

z=0 " i alyzer generators take as input a sequence of regular expressions describing 

и = 0100) үсеп» and produce a single finite automata that recognises any token. 
уо enerally they convert regular expression to NFA with e-transition and then 


When i= 1, u= 
When i= 


VM DFA directly without eliminating €-transition before. In DFA, every 
al state indicates that a particular token is found. This shows that the 


Therefore, да ot in *7^ AM 
Case 3 Let L- {07 лт» 21 L a is done on Moore machine which gives some output when any 
x » Y=10 = 1,2 1} is not regular. ? ound. This Lexical analyzer is then used in compiler. 
x=0 о. " 
EN EC Give method of constructing minimum. automaton. 
TON u= i ns. A step-by-step method for the construction of minimum automaton 
Wheat 0(10)0 S follows — " 
s =L u= 0100 which i< ; ; 
When i= 2; y= ЖАКЕ is in < (Q © үер 1 (Construction of 14) — By definition of 0-equivalence, 
u г, Q9), where Q,° is the set of all final states and Q,°= Q- 010 


: Therefore, 7, ich is not j 
ip ме th ini 
{ Олут MA in 4, € set of remaining all non-final states. 


эп |у; j 
? 1} is not regular. 
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(ii) Step 2 (Construction of Ty + 1 from тр) — Le оь. Unit- 87 
7 d q» are in О}, they are (k+ 1)-equivalent (if 5q, 4 mm here аг ve we ha P 
ing, ФПС 277 d out, whether 5(91, a) and 5(q, diy iJn this transition diagram, there are € moves, so ve to remove є 
a) are k-equivalent). Fin о! н d a Ф, 4) аз, Со We first remove € move from q; to 94 to get fig. 2.44. 
‘valence class in лу for every а € У. If yes, m n 
| (e+ equivalent. Thus, in this way Q: is further divided into k4p _, ° 
ж Repeat this step for every Qf in m; to get all the element ү 
(iii) Step 3 (Construction of т„ ) — Construct T, for a 
ёлы until 1, = T, +1: 
(iv) Step 4 (Construction of Minimum Automaton). à 1 Y 
required minimum state automaton, the states are the equivale, Fig. 2.44 Fig. 2.45 
(obtained in step 3), i.e., the elements оЁл,. The state table can be ob | Now, we eliminate {һе є move from q to q3 in fig. 2.44 to get fig. 2.45. 
replacing a state q by the corresponding equivalence class [q] К, we construct the transition table as given in table 2.5 corresponding 
The construction of ло, лу, etc., is easy when the transi fig. 2.45. ‘ 
given. m= {Q,° Q,°}, where 010 = F and Q5? = Q — F. The sub Е 
be obtained by partitioning subsets of ло further. If q; , DE le 
consider the states in each a-column, where a € X correspondin [a 
92. If q and q, are in the same subset of по, then they are l-equivla - 
states under some a-column are in different subsets of по, then qual. Ww. 


not 1-equivalent. Generally, (k+ 1)-equivalent states аге obti * 
the above method for д and q, in Qf. 2 


NUMERICAL PROBLEMS n 
9 


„34; Consider the FA below and construct the, sm 
Me same language, 


ТШ. 


Table 2.5 


_ The successor table is constructed for DFA and given in table 2.6. 
PS e Table 2.6 


[42,93,95] 
[43,95] 
[42,43,95] | 143.45] 
[43,951 


` i shown 
The state diagram for the successor table is the required DFA as n 
B. 2.46. 


<< 501 The given FA is redrawn ib me (&. GE, 


tation (У-$ет., IT-Branch) 
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p.35. Construct a 
en in fig. 247. 


d 


minimum state automaton equiva i 


By co nsidering the entries under a-column and 5-column, we find that g3 


d qs are 1-equivalent. So Q4 = {43 » 45)- 
erefore — 

There Ugo)» (00: da ^ 46} > 191,47, (яз, 45)) 
Bo will be in vc; as it cannot be further partitioned. Now, the entries under 
column corresponding to 40 and q4 are q; and q7 , and these lie in the same 
quivalence class in 7% - The entries under b-column are 45, 45. 80 qo and q4 
are 2-equivalent. But there is no 2-equivalence between q and 4e- Hence, (25, 

4» 46} iS partitioned into (qo, g4} and {46}. qı and q7 are 2-equivalent. Also, 
запа qs аге 2-equivalent. Thus, Table 2.8 Transition Table of 
Ha › {ао , dals {96} {41> 47. Minimum State Automaton 
{аз , 4513 

qo and 44 are 3-equivalent. Also q; and 
are 3-equivalent. And дз and qs are also 
3-equivalent, Therefore, i 
тз = ((a3). (ao. 94). {96}, {41 41} 


Pro 
automaton giv 


т = 


[29.241 [41:47] [93-95] 


2,471]. 185] 
[45] [49.241 


Fig. 2. 0 tasas) — 
CORAN ig. 2.47 AS, t; = 71 , 7; gives the equivalence [43-45]] [a3] 
БЫС» а е easier if we construct the transition table asselasses, the minimum state automaton is [96] [9] 
ёз gn as, 


E. ds | 5 = г to рт 
pplication of Step 1, which is defined in Q.22, gives — м. yal мв ee ee ey 
0°=F = (0), о-о до Ф TC Q' = ([a2] . [ao 94]. [g6] › [91 41 [a5 > 95) 


T= {a}, {4 . à © do 7 [40+ gal, F' = [42] 
©, observe my, we find th › 10> 91, 935 94, W594 d.Ó' is given by the transition table shown in table 2.8. 
à at (45) cannot be further partitior 


: Consider “The transiti h i ini 5 
ы 40244 e 0,0 P ш ion graph (or diagram) for the: minimum state automaton 1s 
‘a-colurnn я » . The entrie: |. shown in fig. 
46 ; they fee op ding to gq and q, MA Table 2.7 1тапйш ^ in fig. 2.48. 
d in 0,0 The entri д 1 

аге es under р. 

95 and 4». q3 € Q0 and 45 e 00 mod 

* therefore, 


90 and q; are not l-ean; 

xd l-equi К 

Go is not l-equivalent See In th Same way, 
E 2: 


~.. Now take 


R3 


аге l-equivalent, Similar qs. So do and-g 
А 4 


= equivalent. {4 4o and 
EE 0› 94, q6} is 46 аге ]- 
2749744, д с ^ subset j 
З 14. 6): in лу. So, ў 
tes i 3 ч: onstruction by consider; The state, Fig. 2.48 Minimum State Automaton 
.-l-equivalent to 5. 17 We find, the g idering this time, g, and any 5, ds. nud and q4 are identified and treated as one state. Also qr. 97 
47. Hence Q,'- fe. 1 ^ r l-equivalent to аз and 8) are the mig нө in both the diagrams (i:e., of fig. 2.47 and fig. 
* 975. The elemen in Q + If there is an arrow fro to q; with label a (or b), then 
ts left. in Q2 m q; to gj Wi z 
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there is an arrow from [411 to [gj] with the same label a (or bi s 

for minimum state automaton. AAD the b | сл 
Symbolically, if ô (qi » a) = qj „then 5' (4, a) = fq), As m= ту, тү gives us the equivalence classes, the minimu 

um tomaton is — (Y : Im state 


.36. Minimize the states of the followin, " > хаш . ; 
Pus C). Mong, M- (0 ‚0,1, 8, go, F 1 where e уу 
(5) 


= (I4. 024) 0257) WE 
a q'o = [1,2,4], F' = [6]: ° 

6 is given by table 2.10. 1 Fig. 2.50 Minimum State 
The transition diagram is given in fig. 2,50. Automaton 


„1 Prob.37. Construct a minimum state automaton equivalent to given 
/1* "hutomaton, whose transition graph is as ahead. 


(а) 


Fig. 2.49 (R.GBV,, D. 

: Sol. We can construct the transition table shown in table 2. : 

Since there is only one final state 6, 

0? = {6, 00 =0-0) 

^ m =-{{6}, (123,457) 

6} cannot be partitioned further, ` 

Se bb Hg} 

Ow 1 l-eqüivalent to 2, 4, but not to 

5,Tand so 0} = [,2, 4} 3% 
uivalent to 5,7. 3 

Hexe. Ol. = а ү: 

HSL {12,4}, {з,5,7}} 
= {6} Table 2.10 Transitio 
Minimum State A 


Fig. 2.51 (R.GBV, June 2008) 
Sol. We construct the transition table in table 2.11. 
; Table 2.11 Transition Table 


By applying step (i) we get 
00 = F= {a} 
0 = 0-0) 
= {qo dv 4» 43) 
197 {494}, (qo 9» 92 43) 
"As (q4) cannot be partitioned further, 


2 
Q9 = {124} E ce 
683 is 2-equivalent to 5,7 So Мом qq is l-equivalent to фу but not to qi, ds and 30 0 = 4 4: 
OF = 35,7} is l-equivalent to фу. Hence Q's = (qi, 3}- Thus j 
m= {gah {Gor 4з}, (90 4 


(ts). {i 2,4}, {3,5,7}} OF = (44) 


tion (V-Sem., IT-Branch) 
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a [ {44}, (40.41: 42) {3 y Table 2.14 Transition Table for 


is2equivalen 042 „‚_ 
40 ; 0? = (qo. 42} Minimum State Automaton 


' Thus, 


Оў = (a4) 


-equivalent to 41 but not to q2, 80 


is 2-equivalent to 43 
ao 02 = (qv 43) 


m= {{44}› {90 42}› (a5, аз}}. qo is 2 


Thus, А ival classes, the minimum sta gi udi) 
As 12 = Ty, To ҮЗ E Sune € j mum Stat OF = {qı} 
is M = (0, (a, b}, 5, q'o Р), where | 2 
m T = {93} 
Q'- (144). (ao. 9), (a1. 4з}. 24 
q'o = {40> 42} Thus, тә ={{94}; {40 42}» 49 {43}} 
F'= {q4} $ OP= (a4) 
& is given by table 2.12. ce J Now, до is 3-equivalent to q2, so 
4 Table 2.12 s 
ӨЗ = {49393} 
03 (n) 
[90 42] [41, 93] i 
РЕ Qi = (25) 


[91,93] | [90,92] 
[44] [24] 


Thus, 


? тз = { {94} (a0. 42). {41}. {4з}} 
Since лз = лә, лә gives us the Fig. 2.53 Minimum State 
equivalence classes, the minimum state Automaton 


Prob.38. Construct a minimum state automaton for the following 
1 e 09 


EN Mp =(Q' fa b), б', ау, Е') 
wheres O'-[[aL lao; 42) ia] las} | 


ъ I 40 =[9929], F' = [q4] and. б', is given by table 2.14. 
S __ The transition diagram for Мр is given in fig. 2.53. 


; " i 1 oq Prob.39. С, ae ; $ 3 
Fig. 2,52 t y E + Construct a minimum state automati dent to a given 
01. We can constr, 8. 2. ù (R.GPV, JU аш cri, on equiva: а 
ee ^ ct the РА 2) w— 7 - on M whose transitie i ра 
Ав беге E dune та nig table shown. in table 2 13 ition table is defined below - 
2 00 = fg) o > Le., дд . Ху. 
“Hen 7494.0 = 9-00 dg з 
i As = To 7 [(24), (qo, а, " Vo: i132, 5) 
| AS (94) cannot be further 22:43 


ег Partitioned Table 2.13 Tr: 


41: q2 but 


(R.GP.K, Dec. 2017) 
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utation 
pipes pun e final state i.e. 46 
Sol. As there 15 му праи 3 
00 = tad. © 7 0-0 © 91> 92 43 94, qs} 

Непсе 797 {{46}» {90 d» 42: 3: 94 95)} 
As qq cannot be Ram partitioned, so 

Qi = (ad 
Now qo, is 1-equivalent to q1, 92> аз, and 45 but m to gaso 

0) = (do: qi @2› 13> 45} апа Q3 = {44} 
Непсе, m- {{46}› {40 91» 92» 93» 95}, {94)) 
Again qg and 94 cannot be further partitioned, so T TG, = i = um ENT LE 


OF = 446), OF = {aa} DERIVATION TREES, AMBIGUITY, SIMPLIFICATION OF 
(Сес, NORMAL FORMS OF CFGs — CHOMSKY NORMAL 


is 2-equi but not 4, à i 
Noten M FORM AND GREIBACH NORMAL FORMS 


2 
Qi = (qo. 91, 93}, Qi = {4, 95) 
Hence, m= {496}. 444), 440 41, 43), {42 95)) 
_Again, д and q4 cannot be further partitioned, so 


Q.1. What do you understand by a context-free grammar ? Give some 


3 examples. 
Qi = 496), 05 = {44} Or 
Now qo, is not 3-equivalent to q; and q3, so Define context-free grammar. (R.GPV., Dec. 2007) 
= Or ‘ 
0% = (do. 91, 93) * its 8 
Again q, is 3-equivalent to 45, SO PSU CFG. EGEV, рге 2010) 
Р a { Ans. A grammar С = (V, Т, Р, $) is said to be context-free, if every 
етсе Qi Е 4» 45} | production in P is of the form — ` 
E. 737 (446), {94}, (qo, 91, 9з). (Imas a е, 
p 7 = л, therefore minimum state automation is h here, Ae Vand xe (VUT)*: 


p Mp- (0, (a, b), 5,0. ЕЎ E A language is said to-be.context-free if there is'a context-free grammar С 
> Q- {[90, 41, 93] la» 43), [ » „Фо, ЕЭ Such that Z = Z(G). à | : 
Фо = [40, 4, азу], P = [ 1 26 ; [ag 215 .. Every regular grammar is context-free, so a regular language is also context- 
s and б' is given by the table 2^ free. But as we know that there are non-regular languages. 
able 2:15 94 © can say that, the family-of regular languages is a proper subset of the 
Пу of context-free languages: 
For example `_ а 


140.41, 93] The g : 
US pe, Bammar G = (IS {a,b}, P,S) ` 
la>, 45] [4б 41. 43] having Productions (t Hla b). Р,5) 
144) 194] p S —> aSa 
lad [96] S — bSb 
140, 41 93] is Context. Sra 


free ; мәл... 
ў * ^ typical derivation in this grammar is as follows — 
у= 
aSa => aaSaa => aabSbaa => aabbaa 


"We 
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0.2. Why CFG is not considered adequate fop дезе 


2, H ibi 
language ? Explairi with suitable example, ary, D 
Ans. For a number of reasons, context free grammars ar, шу, 


regarded as adequate for the description of natural languages like Ыз 
example if we extend the productions Wi 
 « noun phrase > < verh pied 
> < adjective > < noun phrase Re 
— < noun > 


< sentence > 
< noun phrase > 
< noun phrase > 

«noun? — boy 

< adjective > — little 
to encompass all of English, we would be able to derive "rock" as, 
phrase and “runs” as a verb phrase. Thus “rock runs” would be а E" 
which is nonsense. Clearly some semantic information is necessary ton 


meaningless strings that are made to associate the meaning of the sg 
with its derivation. 


0.3. How many types of grammar are there ? Explain each ofi 
(R.GPV, Dec) 
. Or 
Write short note on Chomsky classification of. grammar. 


Explain Choifisky classificatig 


пз. Chomsky classifi 
luctions (types 0-3), 
A type 0 grammar'is 
A production Witho 


A production of th 
@# A. In 


ed the grammars into four types int 


any phrase struc, 
ut any Testrictio 
€ form v 


ns is called a type 0 producti 
> day is called a type 1 prod 


string. Context [A 
А grammar is called p 
its productions are type oe lór ontext-sensitive or context depen 
in a type 1 grammar, but pactions. The Production S — A is 2150" 
of any production, The |, this case $ does not he right 
i Й е language Benerat appear on the ds 
type 1 or Context-sensitive language. ed by a type | grammar 5^ 


the right Context, and фойеге 


(R.GPY, Jin] 


3 Or 
Write short note on Chomsky hierarchy, (R. GPV., Junt 
zu. Or ч 
Крй the types of the ertian ару, Iul 
Or 


P of languages with suitable бл. 
(В.Р, М”! p g 


шге grammar without any ee Tépresenting 


ing of 4 is not permitted. Here ў example, 


“in the 
- Feplaceq 


Unit-I] 97 
A type 2 production is a production of the form 4 7 а, Where А €Vyand 
AV; U5)*. That is, the L.H.S. has по left context or Tight context, For 
e: m S — Aa, A > a, B — abc, A — A are type 2 productions, 
"t grammar is called a type 2 grammar if it contains only type 2 
roductions. It is also called à context-free grammar. A language generated 
bya context-free grammar is called type 2 language or a context-free 
Janguage. 
A production of the form A — a or A — aB, where A, Be Vy and aez, 
is called a type 3 production. 
A grammar is called a type 3 or regular grammar if all its productions are 
type 3 productions. A productions S— A is allowed in type 3 grammar, but in 
this case S does not appear on the right-hand side of any production. 


Q.4. Describe context free and context sensitive grammar. 
(KR. GP.X.,, June 2015) 
Ans. Refer to Q.3. 


Q.5. What do you mean by context free grammar ? Explain the types 
of grammar. (В.СРИ, June 2011) 
Ans. Refer to Q.1 and Q.3. 


Q.6. Define derivation tree or parse tree with an example. 


Fig 3.1 Derivation Tree 
S — SS > aS > aaAS => aabaS — aabaa 


ox | ivations ? Explain with suitable 
What are leftmost and rightmost derivations КЕРЕ, рес. 2@15) 


Ans. A derivation tree is an ordered 
ее in which nodes are labelled with the 
eft sides of productions, also in which, the 
children of a node represent its cótres- 
Ponding right sides. 
For example, let G = ({S, A}, (a, b), 
), where P consists of 
5 — а45 | a | SS, A — SbA | ba. 
Fig. 3.1 shows a derivation tree 


Or 
Explain LMD and RMD with example. 


. | | pum varii = 
Ans. A derivation is said to be leftmost, ifin each step the н с 
sentential form is replaced, And if in each step the rightmos 

» the derivation is called rightmost. 


(R.GBV, June 2011) 


ion (V-Sem., 11-9 emm 
tation (V- Unit-Ill .99 
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For example, given a grammar Ea p ons e terminal string may be the yield of two different derivation trees, 
S— аАВ, : The sam itae different leftmost derivations for a string. This leads to the 
A — bBb, go there maY ambiguous sentences in a context-free language, as follows — 
B АА. definition O° al string u EL(G) is ambiguous, if there exist two or more 

à A Ter for u (or there exist two or more leftmost derivations of и). 
derivation G = (15), (a, b+} P, S ), where P consists of 


Then, 
S = аАВ => abBbB > abAbB => abbBbbB => abbbbp Fe For example, 


is a leftmost derivation of the string abbbb. The rightmost derivatio S>S+S|S*Slalb 


e two derivation trees for string a + a * b, given in fig. 3.2. 


same string abbbb is We hav t ie dg. 3 
S = aAB > аА = abBb > abAb = abbBbb => а! The leftmost derivations of a4- a * b induced by the two derivation trees 
0.8. Explain leftmost derivation, rightmost derivation and py, ү are as и И sts>atars sata me 
7 ЫЧ, i Г 
suitable example: Р (R. GEV, June (i) $$ * S59 5 MOMS = а+5*5юәа+а*5за+а*В 
A HS i * bis ambiguous. 
D leftmost di й 7 vati. PL. Therefore, string a + а | | А 
даве a ш ir - 5 B. ШКУ, So, we can define that a context-free grammer G is ambiguous if there 
ar NE д exists some u &L(G), which is ambiguous. 


Ans. Refer to Q.7 and Q.6. (R.GBE, June 2010) 
E, June 


Q.9. Explain ambiguity in context-free grammars. 


Q.10. Explain rule for simplification of CF G 

Or Eo Ans. Ina context-free grammar G, consists of (V, T, P, 5), it may not be 
Write short note on ambiguity ii к Ey y necessary to use all the symbols in VUT, or all the production in P for deriving 
te and (в.сРУЛ А "sentences. So when we study a context-free language L(G), we try to eliminate 


| : Die 
"M шн ambiguous grammar problem. ` ` (R.GP,, Jun ; А. consider e uae ws Qe P < | 
i i Or $ d БЫ С, E) Р, 5 
Define ambiguity, R GEV, Di DON G= (IS, A, B, C, E), (a b с), P, S) 


t. aem (S— AB, A — a, B >b, B > C, E > clA} 


У occur some ambiguous senten 
ke an example ofthe following english) se It is easy to observe that L(G) = {ab}. Let 
© G' - (65, А, В}, (a, b}, Р, 5). 


“In-books selected i "ie 
mund ы given”. The word “ѕеІесіёй Ашау 
nce may be parsed in two differen! where P'= (S — 4B, A — a, B — b) and L(G) = L(G) 
We have eliminated the symbols C, E and c and the productions В C. 


rise in context-free 
` E >c|A. The fc 11 М А li n bols and productions can be 
eliminated == 


In i reducin. 
this way one can restrict the format of productions without s 


ue nerati 
(a) First Derivation Tree ir erative power of context-free grammars. 
ie я Га ‘а +а + (b) Second Derivation Tff 
£18. 3.2 Two Dj, 7 7 * 
Ў ifferent Derivation lm e String a t 4 h 
r One String a ta 


0.11. Explai 
1 i iia the following — 
Parse tree (ii) Useless symbols. 


(R.GRK, Dec. 2007) 


Unit-IIl 101 


f. compe = 
100 Theory 0 : 
Ans. (i) Parse Tree - Refer to 0.6. | uu 
Е pu. 
(ii) Useless Symbols -Asymbol tharis nof useli Ul. < we can also SAY that — я А 
learly, if à variable is either not live or not reachable, then it jg ua ; M Any context-free grammar G with Ag L(G) has an equivalent grammar 
arly, А т сый 2. 
Cle n G- (T, P, bea grammar. A symbol X is useful if tly, G! in Chomsky normal form. 
ivation $a X pow for some а, В and w, where w is in r«. Ap (ii) Greibach Normal Form (GNF) — Greibach normal form (GNF) 
derivati There are two aspects to usefulness. Di other normal form quite useful in some proofs and constructions. A context- 
is ano ating the set accepted by a pushdown automaton is in 


mar gener 


al form. 
tions are put, not on the length of the right sides of a 


of the terminals and variables. Arguments 
little complicated and not very 


X is useless symbol. à 
(a) Some termina 


(b) X must occur in some string derivable from S... ' 
iti i tric 
two conditions are not, sufficient to guarantee that ¥ i- Here, res ‚Р 
pm occur only in sentential forms that contain a "€ production, but on the positions 
Mi which justify Greibach normal form are 


1 string must be derivable from Xi 2 | gram 
| Greibach norm 


since X may 
no terminal string can be derived. transparent. Also, constructinga grammar in Greibach normal form equivalent 
0.12. Define the normal forms for context-free grammars,” to any context-free grammar is tedious. Nevertheless, Greibach normal form 
Or } 7" has many theoretical and practical consequences. 
Define СМЕ and СМЕ (В. GP, June à А context-free grammar is said to be in Greibach normal form if all of its 
Or \ productions have the following form — 
Define the following — A — adı 


^. where aeT and Aj €V*. 


(0 Chomsky normal form 
For example, the following grammar — 


(ii) Greibach normal form. 


T. 
(R.GP E, Dec. 200. S— AB 
Ans. In T 4 E L^ 
: а context-free grammar, ће R.H.S. of a production cane! 8 A — aAlbB)b, 
isfy oet Bob 


of variable: 3 
Sien ты ш When the productions in G satisfy% 
Said to be in а ‘normal form’. Among several na 


© explain two ‘no 
Im. ^, 4 
formal form, al forms’, i.e., Chomsky norma 


not in Greibach normal form. But, using the substitution, we immediately 

get the equivalent grammar as follows — 

b S — аАВ|ЬВВ|ЬВ. 
A — aA | bB | b. 

Bob 


h: : 
did Cis mig is in Greibach normal form and we can also say that — 
у normal form if all proc . “For every context-free grammar G, with Ae L(G), there exists ап 
A+ BC' €quivalent grammar G' in Greibach normal form”. : 
nd a i Соо AS a Q-13. Writ | ; : 
чеки ws 13. Write short note on СМЕ (R.GP.V, Dec. 2004) 
" ; 
Or 
Wri 
SAS a tite short note on Chomsky normal form. (Е.СРИ, June 2003) 
lomsky normal form е 54 |b Ans. Refer to Q.12 (i). 
- While the Q.14. Chomsky 
grammar "14. What are steps to free grammar К 
> a A | A48 n form ? Explain each Sep hub dir pit RGR K, June 2004) 
п», 
Violate the conditi Sai 5 mmar is Ci doo every content пе gramman e d ae rir 
: ons of the definit; oth Productions 5: hstructing 10msky normal form. Following procedure gives the method of 
itio, : ng а grammar in CNF equivalent to a context-free grammar ~ 


n, given above. 


_ required form. АЙ the variables in V, are added to V. 


Ж йл 


of Computation (V-Sem., (1-5гапоп) ; ; 
фә Theory of Com tion of Null Productions and Unit Prog, ~ niten: 3103 
() ane null productions. We then apply theg M (iv) Modify 4-productions to the form 4; — ay for i = PARERE 
ару tena to eliminate chain productions. Let the кашап м the of step (iii), the A,-productions are of the form An — ay, The As 
resultin ДЕ 


G - (V, T, P, 8). А : 
beG-( (ii) Elimination of Terminals on R.H.S. — We define с 
P,, S), where P, and V, are constructed as follows — i 
1» d 


(а) All the piòductions BP ofthe form4 “ria ord y, considering 4-2, 4-3» 41: Р 
included in P}. All ће variables in V are included in Vj, me (v) Modify Z;- productions. Every time we apply lemma 2, we geta 
(b) Consider 4 > XXQ X, with some terminal on) new variable (we take it as Z; when we apply the lemma for 
If X, is a terminal, say a;, add a new variable Cai to V! and Cai 200) 4 -ргодисііопѕ.) The 2гргоЧиойопз are of ће form Z— oZ, or Z-a (where 
production A — ХүХ„ .....X, every terminal on R.H.S. is replaced v Es obtained from 4; > 4;@), and hence of the form Z; — az or ZA yy for 


corresponding new variable and the variables ori the R.H.S. are reli “some k. At the end of step (iv), the R.H.S. of any 4,-production starts with a 


resulting production is added to P}. Thus we get G, = (i T, Pi; S) terminal. So we can apply lemma 1 to eliminate Z; — Ари Thus at the end of 
(iti) Restricting the Number of Variables on R.H. 


tep (v), we get an equivalent grammar С in GNF. 
production in P}, the R.H.S. consists of either a single terminal ( 


or two or more variables. We define Gy — (V5, T, P», S ) as follows- NUMERICAL PROBLEMS 


(a) All productions in P, are added to Р, if they are iit А 
ч — Prob.1. Consider the following productions — 
(b) Consider 4 — 4,4... 4 , Where m > 3. We 5 > aAS | a 
new productions A — АС, Сү > AC „Сз => Aa ' A > ShA | $$ | ba 
les Cy, Cy, ..... eee m2 ge” Find out LMD, RMD, Parse tree for string aabbaa. ae 
Н ` —. (R.GBV, June 2 
We get G, in Chomsky normal form. а 


productions are of the form Ap; > 47' or 4, ,— Avy. By applying lemma 


| we eliminate productions of the form 4, , AY. The resulting 
4 productions are in the required form. We repeat the construction by 
nol 


3-—a 


ii ап algorithm to convert a grammar to Greiba p E 
Е (R.GBV, 

"in GNF conversion ue Or b ; 

‘Following (R.GP.E, 

Iuivalent t 


Sol. LMD (Leftmost Derivation) — 
S => а45 > aSbAS > aàbAS 
ETC => aabbaS => aabbaa 
RMD (Rightmost Derivation) > 
S = аА$ = ada = aSb4a 
=» aSbbaa => aabbaa’ 


Parse Tree — The parse tree is shown in fig. 3.3. => 


Z oh Convert the Арг 2 
Ay, such that jj b oductiong (г 5? 


ed out {ог} = 1, 3 "° Principle of indu 
Oduction-is of the form 4°” Thus for = 1, 2, im 


пу Or 
n Юю the form 4, > ay, Here, 
the form 4 hae using lemma 2, Thé 


404 Theory of Computation (V-Sem., ! -Prereny 
Prob.2. Let G be the grammar — 
S > aB|bA 
A эа |aS | bAA 
B >b |bS| aBB 
For the string aaabbabbba find- 
(i) Leftmost derivation 
(ii) Rightmost derivation ; | $ 
4 
| 
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(їй) Parse tree 
(iv) Is the grammar unambiguous. 


(В.СРУ, June y 
ә чипе. 
Ог А A i 
Let G be the grammar. fu | 
S —aB | bA "ON 3 a 
А -^a |aS | BAA о у | Fig. 3.4 Derivation Tree 
B —>b | bS | aBB | (iv) Ambiguity = Here, we have more than one parse tree for ће 


|. given string aaabbabbba as shown in fig. 3:5. The string has two different 


For the strin, bbab. 4 
в aaabbabbba find a | derivations as shown in fig. 3.5 (a) and 3.5 (b), respectively, 


(i) Leftmost derivation 
(ii) Rightmost Derivation 
(iii) Parse tree, `. м; 


(®.ЄР, Dec ih” 


Я Or 
be the grammar — 


— aB | bA 
А эа |aS | bAA : E 
У В 9155 | aBB b 
3 € aaabbabbba, find leftmost and rightmost deriv 
us HA (Rx. GBV, D 
ae me following CFG 2, 
Әә bA, Ay cl 
З Posting хаваа ia ee B — b|bSjaBB 
i ost аны – j 
er rivation) Rightmost derivation-(iii) Р. л 
pres e © Leftmost Derivation E. (x. GP, Ju 7 
D EE an MET Fig. 3.5 Derivation Trees ‘for aaabbabbba 


Sig: ара аавв => aaaBBB > aaabSBB > aaabbABB 
= aaabbaBB > auabbabB => aaabbabbS = aaabbabbba 
M => aaabbabbba 
= aB => ааВВ => aaaBBB > aaabBB > aaabbB E ти Ж 
the aaabbabB => aaabbabbS => aaabbabbbA > puppis i 
&rammar їз ambiguous: : | 


So, 


(V-Sem., IT-Branch) 


106 Th f Computation : a = 
t G be the grammar : 

Pfpb.3. 5508 | 14, A > 0 | 0S | IAA, B >1|1S| opp | 

For the string 00110101 find — 
(i) LMD 
(ii) RMD | 
jii) Parse tree. d 
; R. GPy, De y 


Sol. (0 Leftmost Derivation — 

S => 0B => 00BB = 001B > 00115 i 
=> 00110B = 0011015 = 0011010B >р 
= 00110101 | 

(ii) Rightmost Derivation — j 

5 = 0B => 00BB = 00B1S = 00B10B 
= 00В10$ = 00B1010B = 00B10101 
= 00110101 


(iii) Parse Tree — The derivation tree is given in fig. 3.6: 


Fig. 3.7 Derivation Tree 


Prob.5. Consider the grammar — 

Y S > aS|laSbS| e 
— This grammar is ambiguous. Show in particular that the string aab 
has two — 


B (i) Parse trees 
x: LM (ii) Leftmost derivations 
: Q) 
Fig. 3.6 Derivation Tre 


æ) (iii) Rightmost derivations. 
: e for String 00110101 — 
4. Derive the st $> 


Lo 
a 
ost de 


(В.СРИ, Dec. 2008) 


т 


Sol. (i) Parse Tree — Given that 

S — aSlaSbS|e 
This grammar is ambiguous. So that string “gah” can be generated from 
grammar in two distinct ways, as shown in the following derivation trees or 


ring © E 5 Д 
rivation using € abbabbap Sor leftmost deri tion this 


S — aB | 54 given by — E 
E = Эа |а5 | 544 ] 
25 b|b5S|apg 
d als, i | 
"e 0 draw the derivation free, En 
oL 3 eftmoet Derivation = S 
5 = >a 
4 => aabbabb, : 
(а) e 
И Fig. 3.8 Parse Trees 
: — aS S — aSbS 
7 аа5ь5 5 aaSbS 
S» aab 5 э aab 


- h, 
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108 Theo 
(i) Leftmos: 
a S> aS = aaSbS > aab 
5 => aSbS > aaSbS => aab 


(iii) Rightmost Derivations — Also “aab” has two distinct ША 


{ Derivations — "aab" has two disting leg 
ef 


IONS 5 = aS = aaSbS > ааЬ 


5 > aSbS => aSb = aaSb = aab 


Prob.6. Show that the following grammar is ambiguous – 


S — AB | aaB 
А а | 4a 
Bob 


(К.СРУ, Deo, y 

Sol. To prove that grammar С is ambiguous, we have to find ag 

ueL(G), which is ambiguous. Consider u=aab eL(G).Then we glt 
derivation trees for u, as shown in fig. 3.9. Thus, G is ambiguous; 


© 


d а Ө 
(>) s 

ОЛА. 
(b) 


ү! 
> 4515561 € — To 


ап we : nd a String 
ambiguous a 

ae aabb EL(G), Then W i 
Bett 9 derivation tree fo м 

с Shown in бе. 3.10. Th 032 i 
- ambiguous, тен 

(й) 5 АВ|аав, 
Bop Refer P н 


= 
to Prob.6, “Ma, 


; E 
Fig. 3.10 Derivation Tree! 


Sol. To prove that grammar G is ambiguous, we have to fin 
) which is ambiguous. Consider u — abababa e L(G). Then we get two 
derivation trees for u as shown in fig. 3.11 (a) and fig. 3.11 (b). Thus G is 


ambiguous. 


Consider и = aaba eL(G). (5) (а) © 

Then we get two derivation 

trees for и (see fig. 3.12). © © 9 
. Thus, G is ambiguous. e 


(R.GBV, Der 
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is the grammar S — SbS | a, show that G is ambiguous, 


(К.СРУ, Dec. 201 7) 
d a stringu e 


Fig. 3.11 

Prob.9. Show that the grammar S — a|Sa|bSS|SSb|SbS is ambiguous. 
(R.GP.E, June 2011, 2015) 
Sol To prove that (S) (s) 


grammar G is ambiguous we 
have to find a string u eL(G), 


is ambiguous. 


Fig. 3.12 Derivation Trees for aaba 


` Prob.10. Show that the grammar S — a|abSb|aAb, А > bS | 2445 i 
ambiguous, (R.GBE, Dec. 2014) 


Sol. To prove that grammar G is ambiguous we have to find a string 
(G), Which is ambiguous. Consider и = abab &L(G). Then we get two 
ation trees for и as shown in fig. 3.13. Thus, G is ambiguous. 


Fig. 3.13 


-Вгапсһ) 
heory of Computation (V-Sem., IT- 
ei | > К 
110 TI b.11. Show that the following grammar is ambiguons 
Prob.11. 


S> aSbS|bSaS| € 
at grammar G is ambiguous, we have to fing 


i 
2 stip, 


Sol. To prove tha 
L (G), which is ambi; 
derivation trees for и, 


as shown in fig. 3.14. Thus, G is ambiguous \ 5 
(s) © " 
%@Ф©Ф© GCOOW | 
SOOO © © GOOD > 
© © (2 OF 
(а) (b) i 


Fig. 3.14 Derivation Trees for abab 


llowing grammar is ambiguous — 


that the 
E—E-E|E* E|2|3]4 


j 


What is ambiguity in 
po 

(5 ЕУЕ+ЕЕ* рзи 
Ambiguity in CFG – Refer to Q.9. 
‘OW, consider the gramm; 


grammar ? Show that the given gra 


аг 
G - (V, T, E, P) with 
У={Е},Т= {2,3,4 *}, 0}. 


. T 
+ care in L(G). It is easy (0: zb 
| farithmetic expressions for FOR" 
Б languages. he grammar is ambiguo" 


as two different derivation trees, а5 5 


the i diguiby as is done in programming m% 
Operators + and *, Since * 
18. 3.15 (а) as the correct pais! 

te the Mis © evaluated before perforti 

T 80 that only parsing 5 


RGRy, x P 


| 
guous. Consider u = abab € L (G), Then, wę k j^ 


alpu Briefly explain what is meant by ambiguity in CFG D Н. 
f 


(В.СРИ, June 


is ambiguous. 


Where, P con: 


iven in fi 
Prob, 15, 


F 
unambiguous, © > (SD |a 


Unit-I 441 
@ © 
ó © A ORORO 
обо © @ © ® с 
Н © © © 
(а) @) 


Fig. 3.15 Two Derivation Tree for a + b с 


Prob.13./Show that the following grammar is ambiguous — 
E — E + E|E*E|2|3|4 
(R.GPV., June 2010) 
Sol. Refer to Prob.12. 


Prob.14. What do you mean by ambiguity ? Show that the grammar 
S > aB | ab 
A >a 
B>C|b 
CD 
D>E 
E >a 
(R.GP¥, Dec. 2010) 
Sol. Ambiguity — Refer to Q.9. 
Problem — The given grammar G is — 
G = ({S, A, B, C, D, E), (a, b), P, S) 


ists of 
$+ ab | ab © © 
А-а 

OMOLO о 


BOC|b 
C+D 

Rae (2) 
PG ivatic for ab 
two derivation trees for Fig. 3.16 Derivation Trees fe 


8. 3.16; Therefore, the grammar is ambiguous. i 


Prove that the CFG GI with productions — 
SI—SI«T|T 
TOT + F|F 


We have 


(R.GB E, Dec. 2005) 
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ich to show that every string x in L(G1) hag, i d 
Sol. Proof + кар The proof will be by mathematica] ing d probó. Check whether CM given grammar is ambiguous or not — 
pen Sid be easier to prove something apparently strony % : = С н SeS 
|x|, Elie from one of the variables S1, Т, or F, x has only ong N : А Ee 
a jable. i 
derivation from that varia? =- be derived E dd 
-< step, we observe that a can be derived from any oft, GB, D. 
кше, азе there is only one derivation. ts d с бик 


variables, and that in each c б Sol. To check whether the given grammar G is ambiguous, we have to 


In the induction step, We assume that k21 and that for Very y deri da string ueL(G), which is ambiguous. Consider u = ib + ib + aca. Then, 
from 51, T, ог F for which |» |5 зове ony oe leftmost derivati. et two derivation trees for (see fig. 3.17). Thus, G is ambiguous. 
that variable. We wish to show the same result for a string x with |x Iss ‚Бе 


Consider first the case in which x contains at least one + Dot vig, j 
parentheses. Because the only +’s in strings derivable from T or Far, » 
parentheses, x can be derived only from 51, апа апу derivation ofr 
begin S1 = 51 + T, where this + is the last + in x that is not within pa renti 
Therefore, any leftmost derivation of x from $1 has the from ` 

Sl>S1+T=>*y+T>*yt+z E 

where the last two steps represent leftmost derivation of x from Sl a 
from T, respectively, and the + is still the last one not within parentheses. 
induction hypothesis tells us that y has only one leftmost derivation fronl 
d z has only one from T. Therefore, x has only one leftmost derivation 


(а) 
Fig. 3.17 Derivation Trees for ib + ib aca 
05.17. Remove null production from the grammar — 


Next consider the case in which x contains no? outside parent 1 Р = atic 
least one * outside parentheses. This time x can be derived only from) B>I1B\1 


any derivation from 51 must begin 51 => T — T. F, and any det 
[шьш T= Т* F. In either case, the * must be neci 

115 not within parentheses, As in th uent steps tt 
fimost derivation Mens e first case, the subseq! s 


1 (R-GBV,, June 2007) 
ol. We see that the null: production is А. Then we construct the CFG 
t null production in the following manner — 

S — ABAB | ABB | BAB | BB 

40410 


4 Bo 1В|1 
-18. Construct the reduced grammar equivaletit to grammar — 
S > ada 


А >Sb|bCC| рад 
С »abb| DD 


Т» Р жур + 
a le 


y*z j 
fimost derivation of y from T and then of 4* 


b ас 

Pada 

Ў >K; Dec. 2014) 
Step j€ (R.GRE, 


completes th 


U, = (C) as C > abb 


lows that x h 
f. in terminal string on the К.Н... 


nly E 
e proof, Production with a 
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U;- (C) U (E, 4) 
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as EaC and 4— bCC are productions with RHS. i j 42 срісір 
= {С,Е, 4} (5) aS S ада and ада ig тоб ‚вә lb 
U,7 030$ ! coa 


Hence, 
V'= U; = {5,А,С,Е} 
P= {4 > aja e('UT)*} 
= {S > aAa, А  Sb|bCC, C —> abb, E > 
Су= (V, {a,b}, S, P) 


bD|b ithout &-production. 
ired grammar withou р s 
x is the require 
This is tl 


it-productions from — 
Ў ove ай unit-pro 
» prob. 20- pan Aa|B, В — A| bb, A— a|bc| B 


ac n : 
i | The dependency graph for the unit productions is given as in fig. 3.18. 
е 


Step 2- ү Sol 
0, = {5} E. 
As we have $— ada, U2 = (S) uU {4,a} З 
As 4 SBIBCC, Us = {8,A,a} O {5,Ь,С} = {9,40 Fig. 3.18 
As we have C— abb, О = U3 U {a,b} = U. s * x : 
Hence, á " А МОЕ ; We observe from it that S> 4, 5 B, В 5 A, and 4-5 B. Hence, we 
| Pr= (4j ld, U3) = {S => ada, А > 58рСС, cto the originalson-anit productions — 
f : Therefore, i S> Aa, 
- G = ({S,4,C},{a,b}, S, P") чи 
is the reduced grammar. В — bb, 


Prob.19. Eliminate €-productions from a given CFG- i 


5 ABCBCDA 
4 — CD 


t S— a|bc|bb| Aa, А a|bb|bc, B — albblbc. 
This is the required grammar without unit productions. 


Sol. Fi ole (Е.Р р Prob.21. Find a CFG with no useless symbols equivalent to — 
соб Cana me duction from С and D. After remotis Eje 464, А > BOAR 
> ihe resultant CFG is » >a : к , 
i GEV., June 2003) 
2CPA\ABBCDAABCBDA|ABBDA |ABCBCAF X (R. 
| ol. Step 1 
poe U = 4 б ie inal 
ж with а termin 
Ting on Ris С) as A — a and С — b are productions | 
W te = (4C) U (4j Ay > a with æ e (TUCI) 
T = 
$ move Production from 4 {4, Су (S) as we have S > СА ; 
ГУ ABCBCp, l4BBC ?7 {46,5} 0 (а |А, > a with ае (ТАС) 
ABCBA| 4ввдв DAlABCBDA|ABBDA|ABC WE hs = (4CS) 0 4 1 
2 [BBCD|BCpp, СРа|авсвсрівсвсріввО! í 3 з= 0, 
MBCEOB CEC RECA С8018сврувврауавврій Ve Us VEA n 
: CIBEC|BCR AV 4 pCD|B вет ајда «(у Оту e (9 CLA aC DY 
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Thus ad to a terminal string, so remove this production, 


t le: 
С does П0 bles that cannot be reachable from the start symbols. 


G,7 ($4,С}, {a,b}, S, (5 CA, A> ас ai 


} e В jal буе н 
Step 2 – ) ' Eliminate zo neni be removed as it is not possible to reach E from S. 
= {5} се the varia ductions take the form 


]ting pro 
S— АВ 


Aa 
Bob 
implify the given grammar — 
prob 25 rj es Pitt. 
| A-—aA| € 
B>bB| E 
nullable productions are — 


Я А эзе апі Boe 4 
_ To eliminate A — € from the above grammar, we replace 4 on the right 


As we have production S — CA and S єй, Uy = 8) y js, the resu! 


As A> a and C — b are productions with А, C et. 
А = VULP" = {4 > @|4 EU} =P 
Therefore, j а i 
G = ((5,4, C (a, 0), S, (8 > CA, A a,C-5 b) 
is the reduced grammar. 


IU (Sus 


.(R.GB.E, June 2009) 


Prob.22. Whatdo you mean by useless production ? Сопу Ше 
G=(V, Т, P, S) where V, T, Р, S are given as — k 
V= (S, A, В, C, E} 


Sol. The 


T= (a, b, с} К a 
S = {S} and de of the ye 
werd A — aA 
S — AB ~ Replace each occurrence of A by € in each of these productions to obtain the 
3 А эа hon e-productions, to be added to the grammar, the list of these productions is — 
Phe il $a viser 
k A>a 


Add these productions to the grammar and eliminate 4 — є from the 


S — aSB | aA | bB |a 
4— aA|a l 
- B—bB|e 
E. eliminate B — e from the grammar, the non є-р 
à E Obtained as follows — 
7 It of the productions containing B on right side is — 
Е. S — asp | 5B 

Ren, 2958 c ; 
бае each occurrence of B by e is each of these productions to obtain the 

ctions, to be added to the grammar, the list of these productions 5 — 
q S > aS|pb 
Add th ia 

е 1 : 
d se Productions to the grammar and eliminate В € from the 

x the following grammar — ibn 
> aSB | a4 | bB |a | aS | b 
ad |a 


roductions to be 


ANS Part in a SEP T 
entire production set ig ny derivation. For example, in the gran 


4> 
RSDB |b 


utation (V-Sem., IT-Branch) 


416 Theory of Comp! Unit-Il/ 117 


Thus, 


р. 


t lead to a terminal string, so remove this production. 
_> C does no riables that cannot be reachable from the start symbols. 
"liminate the "e can be removed as it is not possible to reach E from 5. 


iable : 
ce the ie productions take the form 
ps the 0 Te, 


G,7 (8,4,6), {ab}, S, {S> CA, A> ас a 
Step 2 – 
U= {9} 


As we have production S — СА and S єй, Uys (5) 4 
0 


Аз А э aand C > bare productions with А, C er, U.. Aa 
As U;=VULP" ={4,>a|4, eUg-p  * 8 Bob | | 
Тие, ү | Prob.23, Simplif а grammar = 
9 = (SACS AS > CAA >a | $7 a | 14 
is the reduced grammar. | D anu (RGRV, June 2009) 


Prob.22. What do you mean by useless production ? Consider tip B Sol. The nullable productions are — 
; с A— є апа Boe 


G - (V T, B, S) where V, Т P, S are given as — 
d л d To eliminate A > € from the above grammar, we replace 4 on the right 


сж of ће productions. 
S = {S} and P 4. 
apod d A> аА 
S — AB 


|" Replace each occurrence of A by e in each of these productions to obtain the 
on: e: productions, to be added to the grammar, the list of these productions is— 
p Sa 
3 Аа 
‘Add these productions to ће grammar and eliminate 4 — є from the 
ar to get the following grammar — 
S— aSB | aA | bB |a 
cting the language is calit 4 aA|a 
agn B—bB|e 


din ху П g uns 
ation. For example, in ithe gramm 9 eliminate 5 > € from the grammar, the non €-productions to be 


S — asp | Aja Dee as follows ы: 
Иа i (ase epe containing B on right side is — 
: у. Plays no role, as a cannot be tea T "ERE аа : 
and is a simplici : “ы аре пема from 5; || Е od Occurrence of B by c is each of these productions to obtain the 
definition. leaves the langu?l К E "ш to the grammar, the list of these productions is — 
n that lead to terminal string in the gn TUN Boy : 


Se ў, E > í 
Ls obtain actions to the grammar and eliminate В — € from the 
he a following grammar — Mii PLE 
а$В | ад | bB 
Sadja CIE 


P» Bs 
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ductio; RE à ; 
Prob:24. m e-production from the Following op, " elimination of unit, useless and c-production, the reduced 
XYX Hence, 
Х ә 0Х|є ar is 7 
.y21Ye is ә аа 
сву, мее 


Л 


Sol. We find that the nullable variables are 4, В, С Thea, A 
the grammar in the following way — 


B| E 
S2 XYX | YX | XX | XY |X| Y A Э ВАВ |B| 


в > 00E s (К.СРУ, Dec. 2007) 


Хә 0X | 0 о. Given СЕС is- 
ae (и | | A2 BAB|B] e 
Prob.25. Eliminate unit, useless and €-productions from " | ee 


5 —> aAlaBB, A — aaA|e, B > bB|bbC, C > B.- 


‘Let us go through each step of conversion to Chomsky normal form as — 
(К.СРҮ, jy, 


‘Step 1 — Elimination of e-production. 


Sol. Grammar is A — BAB | B | AB | BB | BA 


S — aA|aBB В 700 иу 

4 3 aadle ep 2— Eliminating unit productions. Here we may simply add the 
B — bB|bbC jon А => 00 and delete A — B. 

СУВ 


- Step 3 – Restricting the right sides of productions to single terminals or 
of two or more variables. 
А — ABA | AB | BB | BA | ХХ, 


(i) Elimination of Unit Production 
< Since C B is unit production 
» So replace B with bB/bbC in C > B 


d B > ХХ 
ie. N E X >0 
S э a4|aBB _ The final Chomsky normal form is as 
A aa4|e чн AAT, T, ВА 
B.» bB|bbC p 4 AB | BB | BA | Xf 
«C» bB|bbC 2o X4 
(i) Elimination of Useless Production 00 


Hee, B. bB|bbC and -Prob.27, Convert the following CFG to CNF 


; C bB|bbC both ate making an infinite loop (i $ — ABA 
will never ever end). JE Аэад| є 5 
14507 i on that ot E BoB "m" 
е ане шн кы ae A ч (R.GRV, Dec. 2012, 2014 Ju 
Ө ad din ?H Step 1 — Write all the productions separately 
A? Gade S— ABA 
e m jene "B Pos 
fü) Elimination of &production ж " s к 
Placing e in place of 4 in RHS of every equation which c" Foe 
S> аА|а ped. 


A> aaAlaa 
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ERIT ductions 
2- Elimination of € pro З . : 
= S ABA|BA|AA|AB|A|B prob? Reduce the (Mrs grammar G to CNF. G is — 
A  a4la A > aB | bAB 
B bB|b Bob 
Dod 


Step 3- Elimination of unit productions 


S — ABA|BA|AA|AB|aA|bBla|b e are no null productions or unit productions, so there is no 


\ Ў theri 
A 2 aAla [ we 1. Hence we can proceed to step 2. 
В > bB|b M op 2- Let Gy = (Vy, (a; b, d}, Py, S), where P, and V, are 


Step 4- Restricting the right sides of productions to single i. 


string of two or more variables. 
$ ABA|BA|I4A|4B|C,A|C3B|a|b 


nstructed as follows — l 
@ 85D —4 are included in P,. 


(i) 5 a4D gives rise 1045 — САР and C, a. 


A-C,Ala A  aB gives rise to A — C B. 

B СВ|Ь А э DAB gives rise to A — САВ and C, — b. 

Q,2a f Vy= 4S, A, B, D, С, Cg. 

Cb | Step 3 — P, consists of S > C, AD, А ^ CB | CAB, B > b, D >d, C, 


Ly 


а, €, b. 


The final Chomsky normal form is as 
A> CB, B —> b, D > d,C,> а C, — b are added to P,- 


S> АТ|АА|АВ|ВА|С„А|СЬВ|а|Ь 


T, ВА 8 — CAD is replaced by 5 — C,C, and C, > AD. 
A> C,Ala A — С,АВ is replaced by A — C;C, and С, э AB. 

В ә С,В|Ь ре. 9, = (IS, А, B, D, Cp C, Cy, С), (a, b, d), P. S) 
Ea р P, consists of S > C, А > CB | СУС, Сү > AD. С, > АВ, 
бкр >, D > d, С, > a, C, — b. Gy is in CNF and equivalent to б. 


изын Find a grammar їп СМЕ for the grammar Gz IM |. Prob.30. Convert the following CFG into СМЕ — 

: edi E T.= fa, b) and P = (S — aSb, S. — ab) of meng S >~ S | [S > Sllpla (R.GRY, June 2010) 
pn S }. à и" ae ks р. Since the given grammar has по unit or null productions, we omit 
ke As there are no null productions or unit productions, $ Н and proceed to step 2. 


| КЕ акр | Heme уан e > eye ES е 2— Let G, = (Vy, Z, P}, S), where P, and Vy are constructed as 
2 ae Let G, = (V pilab}, P,, S), where P, and Vua () s 
i : n. ) => рід are added to P}. 
O S asb, S ab yields s CBC, S> C C; 6,25 (i) 8 ~ S induces 5 — AS and A > ~ 
(0 берз-Р, Cae kd. EU (i) S + [s > Sl induces S -> BSCSD, B paral 
: С S ә C,Cy Ca Step3 _ P NAS APR] 


1 Consists of S >> р, S — AS, А ~m BLC 222P} 


S— BSCSD 
> BSCSD į р 
à SD is replaced by S > ВС, Сү > $С„ о э се, 6, э SP 


5): 


| S> CSC, is replaced by 5 > Ce, 6? s [4 


The remaini, ss 
С), {a b), P, S) OPS in Py are added to Pz pes 


where P, consists of SCC 
Gis in CNF and equivale 


= 


35 
p C, > 86, S > Сб» бе. 
nt to the given grammar. 


Gy = ({5, 4, B, C, D, C C» G} D P» 


BREE Pe ү тн ee 


422 Theory of Computat 
consists of S > pla4SIBCi, А > ~, B > | 


Unit-lll 123 


here P. at s f › Gs, ing CFG to Chomsk 
50, С, ж CC, Сз > SD. Сз is in CNF and equivalent to tis Dd 9р prob 3? Convert the following о Chomsky normal form — 
» Е . 
Prob.31. What do you mean by normal forms ? Re, d EN 5 TE ae 
with following productions to CNF. the A? y La 
S — АЗАА C 7 Da | bDb| E 
A Э BIS Витан (R.GP., Dec. 2005) 
Bc 3 1 - Write all the productions separately 
(G.Gpy, |. 502 SUP S ЛАСЬ, 
^ De 
Sol. Refer to Q.12. A — aAb 
Write all the productions separately Md 
S — ASA C-aC 
5 — bA С >а 
AB D > aDa 
A2S D > bDb 
Boc Dove 


1 ~The only production С > а in Chomsky normal form. 
_ Step 2— Eliminating &-productions — 
3 `$ > AACD|ACDIAAC|CDIACIC 


The only production B— c in Chomsky normal form 
There is no null production. 


ctions to single t 
terminal only right by new 


Eliminating unit production. 
A — aAb|ab 
S — ASA | bA = 
il " . C- aCla 
a | bA ' D э aDa|bDb|aa|bb $c 
PET Mea A soc Р кер 3 – Eliminating unit productions — : Esa a 
; Piminating useless production ' Thus, the grammar t 
ps S 454]. й S > ААСР|АСР|ААС|СР|АС\аС\а. 
eas А с | ASA | bA " C ME A — adbjab 
-.. Restricting the right sides of productions to single terminals 01 Coa. rU I 
two or more variables. Thus, replace terminal by only right by "^ D — aDa|bDb|aa|bb i 
| j ‹ е terminals or 


By —>b Step 4 — Restricting the right sides of produ 
r of two or more variables. Thus, replace 
les B, — a and B, > b 


S> ААСр|АСр|ААС\СР|АС\В;С\а 


S — ASA BI: . 
А > c | ASABA 


A B, >b " 
‹ Бау ing A — В,АВ В 
unit осона of two variables on R.H.S. ВУ? sa сеў ice ab 
an S p 
du -H.S. of the productions in two variables. Da B, DB, JByDB;I Bo Bul Bp 
> ADB, A Ми; | 
> cHDjlB, А B, b ingle 
ж = н. by з sing 
Bib R.S - Replace a combination of two variables 01 R 5 


ble uni В variables - 
le unit to get the R.H,S. of the productions in tw? variab 


2 x SI Di — $4 
ps _ The grammar is in СМЕ. 
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bination of two variables on RES, by a single 
S > AE|MEJMESICDACIB,C|a s _ Replace A ES prece nce ы 
A — В.,ЕдВ.Вь "ud Pato get the А i 
Bı >a 2 ; bl ie ЧАПА 
Byb 429 B,A3B4Ala 
ui C> B,Cla M i г 
5 D > В.Е|В,Е6В,В ВВ, EY P a 
E; AE, E; > CD, Е» АС, B> 54318,15В 08,4] „Alal By 
Ед ABy, Es > DB, Eg — DB, ec 


: mar with productions — 
5.33. Canvert the following CFG to CNF © prob.34. Transform the gram p 


В, A > bAB | 4, Bi BAa| A| A 
Sj ASB | € 73 S> em RGR, June 2005) 
— а48 |a io Chomsky norma mE 
B — SbS | A | bb 5 


i S > abAB, A — БАВ|є, B  ВАа|А|є 
Sol. Step 1 – Write all the productions separately : 


Si AR е» d d. (RGR, June 2008) 
ee |. Sok Step 1 = Write all the production separately 
ides E S — abAB 
Чад г А — bAB 
В — SbS A>A 
BoA B — B4a 
B — bb < á => “ 
Я , : " E | шайы чай 
oad quem с ag попа АЩ Step 2.— Eliminating A-productions. .. 
Des S— abABlabBlabAlab 
heme "e б? 4 — bAB|bB|bA|b 
Slavic | ! В > ВдаВа|даја РИЯ 
ERE IIIA [4 ] bb ‘his grammar, there is no-unit production, thus the elimination of unit 
Par Eliminating unit Productions — tion is not Performed, | 5, : ү 
208 —> ASB | АВ Ee d tep 3 _ Restricting the right sides of productions to single terminals or 
4 ad8 | a4 |a a AUR M of 


ihi i w 
© or more Variables. Thus, replace terminàl only right by пе 
а aand BES pye у А 


5-9 C,Cy4B| СаСьВ\СаСь4|СаСь' 
А э CpABIC BIC Alb 


B B ВАС ВС 4C, Ja 


a> aandp, ур 
55 ASB | ap 


ера р Co 


СЕҢ ingle 
"e, шщ i Place а Combination of two variables on PAS а ышы 
*KHS, of the Productions have only two variables. 


mputation (V-Sem., IT-Branch) 
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S> C4 Ev В Be 
S> CE, Ёз? ` ga AB 
S> Cap Ea CyA 5246 where Сз > BC 
S СС» go АА 
4 -> CE2 | СВ | Cub 5 AC where Cy 4C 
Bo BEs, Е; AC, The grammar is in CNF. 
в э BC4ACaála 036. convert the following grammar to СМЕ – 
Cy а үе" S > bA | aB 
Cy b Е A БАА | aS |а 
t LES OA BB | bSbb 
- Prob.35. Convert the following grammar G into Chomsky n; oes (Е.СР.Ё, Dec. 2011) 
АВАС . ‚чай . TS 
A —эаА|є Sol. Step 1 — Write all the productions separately 
B bB|e S 24 
Coc er E S—aB 
(R.GPY, Dal А э bAA 
22 SoL Step 1 — Elimination of Null Productions and Unit Prod E A— aS 
`The following grammar is obtained after removing null production | Aa 
S> ABAC|BACIABCIBC|AACIAC|C B — aBB 
A — adla © E. B bSbb 
В — bB|b d only production already in CNF are А —> а. There aré no null and unit 
Cc oductions, 
Now, unit productions are removed. `` A tep 2 — Choose the productions which are not in СМЕ they are .: 
S — bA, S > aB, A БАА, A aS; B .aBB; В => bSbb 
iables C, — 4 and C> b 


(0$ ABACIBACABCBOAACHCI: 77 
A adja ` ' we | 
B> bBjb С 
Cc „ Мы 
Step 2 — Elimination of Terminals on RHS 
s> ABAC|BAC|ABCI|BC|AAC|AC|e ` 
-A 2 Cla а 
„Са Эа 
-B В,В\|Ь 
ў B, >b 
ciC-c 
Step 3 — Restricting the Numbér o 
s S — ABAC А 
S— AC, where C 
З — ВАС gives ri C 
Sieg 1 C gives rise to C1 
259 BC) where Су — AC 


M 
S 


f. Variables 0” RBS : 


BOM 


| Step 3 — Replace terminal only right by new vari 


: B ste 
ep 4 — в, 
ble. eplaced a combination of two variables on 


uch that Gg 9° 

that C, > а 

h that Cj > 2. 

tC a: 

that Ca > 4 

ch-that Су > b 
RHS. by з single 


© S — bA is replaced by 5 — Сьй S 
@ S — aB is replaced by S — С.В such 
Es : => БАА is replaced by A> CyAA suc 
hs > aS is replaced by A CaS. such thal 
^ b aBB is replaced by B — C,BB such 

— bSbb is replaced by B — Сь5СьСь SY 


L 

if 3 САА is replaced by 4 — СьРІ such that Dy 44 

(i) ву CBB is replaced by B.— CaP2 such that D2 > BE 

еру Apai СЪ5СЬС, is replaced by В > CySD3 such that D3 -> CoCo 
Variable, gain replaced a combination of two variables 0n R.H.S. by à 


BS 
C ; 6 
bSD; is replaced by B.— Coi such that £i 


SD 
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128 Theory 0 и аттаг һаз по null productions and is їп СМЕ we need not 
Therefore the eg С, Сь Dis Р» Ds, Ej), (a; 8), p 3 n ве a a So we proceed to step 2. 
G = ({% 4, a cin CNF are эр A,-productions are in the required form. They are 
The production P1 which ar pr 4 = (i) 41Р 
S 2 CIA | CoB 3 ЛЕ дй | 4 — b is in the required form. We apply Lemma 1 of GNF and 
A > CDi | CaS la ; (ii) ^ —> A, A, . The resulting productions are A, — A, 4) Aj, 
: 2 СР; | CoE We gets vg s the 45-productions 45 — Ay 45 Ay, 45 > ай, А, > b. 
Саа | 4 ад 3 — A,-productions as we have 45 > Ay Ay Aj. Let Z be the new 
625 E S Tha resulting productions are — ^" 
рэ 44 | arial Ay > A), 4 b ` 
D, BB ў А > "a Zo, 4, 57, á 
рз» СьСь 22.0 А 2 D> Á 422. 
E; э SD3 Step 4- (i) Ал-ргоййеНопз аге А; > p i |b | a4, Z5 |82 


Prob.37. Reduce the grammar into СМЕ and GNE S |. Gi) Among ће 4 productions we retain 4, > a d eliminate 
G= (05, A, B), (0, 1), (S > A| 0B, A 0S [0,8 = 4, > А, A; using Lemma 1 of GNF. The resulting productions are 4; — аА, 
(RGPY ul | bA Ay > аА\7» А22 Az. The set of all (modified) 

И | 


Sol. Given grammar is | - 4j-productions are A, — alaA, A5|b45]a41Zo Ap|bZ 45. 


5 ә 14[08 Step 5 — The Z;-productions to be modified аге Z3 — 4» 4, 
A ә 050 | Z> А; А|7›. We apply Lemma 1 of GNF get 
B 151 f Z, — aA, Aj | bA; | аА\7› Ay | bZ Ay 


Z, > ad, A12) | ЬА|7» | a412 А22 | b22 4122 
- Hence, the ey ri grammar is 
$ = (Ut, 45, Z2}, (a, b}, Pi, A 
| Where P; consists of 
Ay — a | aA, A | 5А, | a4yZ Ap | ® Az 
45 > aA; | b | a44Z; | bZ 
2, > aA, A, | bA; | a412, Ay 10241 
% > 441412 | А27» | ad Zio | 622 A122 : 
Prob, 39, Find a Greibach normal form grammar equivalent to the. 


(i) Conversion into CNF 

Let 4 > 0 and 45 > 1 З 

Then the above grammar iniChomsky normal form ul ы 
(82 4118, A, > 0 E 

4 — 41800, Ay > 1 

Bo A58] 

(ii) Conversion into GNF 


The given grammar is already in GNF 
e. 


S — 14108 Mowing CRG _ 
“A> 050 S > AAO 
B- 15 Д A — SS d 
E с, T ; ; 
Prob. 38. Construct q grammar in GNF equivalent 10 8! та | Convert the following grammar into Greibach normal form. 
S>AAla : S>4AA|0 2077) 
а __ АРИ, Dec. 
A > SS] an^ A>SS|1 5 (SE 
RG!” hen Fin T ; the follon. 
sai L Step TOUN ше Cro d the Greibach normal form grammar equivalent (0 f 


given grammar is in CNF, S and A 


and A,, Tespectively. So th, + . 


* productions are Ay A543 [а 
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eie M CUu 5- The Z productions to be modified are — 
X285|1 5 (&.Gpy, De step Z > As, and Z э Aus we oak 
i Gr eibach n ч тэ РА) | 5440240 | БЕА) | 5А,4,2А, 
Convert пеге OFS into ormal form sy z2 ГУА | ЬА4А›4›7 [224,2 | 5444524,7 
X L " n 
S > SSla (R.GBy. rence, the equivalent grammar is : 
A Or AES Janey G'= ({A}, 4o, A5, 44}, (а, D), P, A) 
7 into GNF. DENM sists of al 
Convert the M eed where P ui —> 44 | 545] bA4A545 | DZA, | bA44;24; 
oe RGPK, Nory EUU D 
Аз 
Sol. Refer to РгоЬ.38. 5 ah 


Prob.40. Convert the following grammar G into GNF Z —> 45 | 544454; | BZA, | bA44ZA; | BAZ | 4,442 | 


S > XA | BB bZA»Z | 5А„А-7А„7 
B-bjar Prob.41. Convert the following CFG to Greibach Normal Form (GNF)— 
X 3b 5 > АВ|0 
$ A>a А->ВС|1 
Ё (R.GB, Jun) B-CD|2 
Sol: Step 1 — The given grammar is in CNF. S, B, X and A are rem C — AD | 0 
Ay, Аз A As, cie e So the productions are 4j > Ash lie DI (R.GBK, June 2007, Dec. 2009) 


Sol. Step-1 — The given grammar is in CNF. S, А, B, Cand D are renamed 
A), 4, А3, A4 and As, respectively. So, the productions are 4, > 4›4у0, 
Чэ Ay А, |1, А, > 4,45), 45 — 45450 and 45 — 1. Now we proceed 
) {0 next step. 7 

!^ Step-2 – 

А () A,-productions аге in the required form. They -ams 
A17 45 4; | 0. i 
© G) The A, — 4,4, | 1 are in the required form. 

(iii) 4, — 4,4. | 2 are in the required form. 
(iv) 45 1 is also in required form. i 
Productions 4, —> A, A; | 0 are not in required form. 
Productions аге as follows — 
44 > А Ay As, А ЭЛА 4420 
> eliminating Aa — Ау Ag As, We get, ў Я 
Ay > AM A Ac Ay > 2 АА pA 3 
49594251. 114 Oe AES : 
4.. Let Z, be 
P Ag-production as we have 44 > 44 4s Аз Аз: De 
le. The resulting productions are — ; : 


| ido, 43 — b, 44 — a. Now, we proceed to step 2. ais | 
1 — A, productions are in the required form. They ate А) 2" 
A; — b production is in the required form. The А4 Фа 
required form. The production 4, — b | 4,45 are notin. 
the required productions are as follows.— ks 
© Ay > b, Ay > ААА, A А444 
substitute Аз — b, we get « 
4 > БАА), А, > ААА) ; 
The A; production as we have Ay —> 41424242 ` 
the new variable, The resulting productions afe = 
A> b Ay > АА, — Š 
45 02, Ay > bAGA,Z 
Z> А4, Z > А42 
Аз productions are — 


The Thus the 


quired 
Again, 


2 | bZ |4442 : 
Aj, we eliminate A, — 4344 1422 


Step.3 _ 
NeW varig 


re 4 
ie set Sn i by, Ay > Або AY, AY" AS AGS 0 

з odified i 1:5 4 

ZA» | bAgArZAy, ) 4; productions: are a> dys A, > 0, 
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3 "T 145 Z4 Ha > cone "m lemma to Аз > Aida The resulting productions are 4; > 
Z2 454445 Z4 ык а-и. yan Applying the lemma once again to Аз 454345, we get 4,3 
4-0 A, productions ате Um i А]РАз42: 
Step eT 14,12 А445 | 0Z, | 1 4524244457, 4473 г Te A4-productions аге Аз — c|b4545|a45 and Аз > 
(i) Among A,-productions, we retain e s we have Аз > 434 14345, We have to apply lemma to A3- 
4,22 and eliminate 43 —> А45 we get a z | ae et 73 be ће new variable. The resulting productions are 
4 > 045 | 14s 45! 244 As As | 024 As | 1 As Z Ауру, y дз > cbAzAlaAz, Аз? cZ3|bA34525]a4525 
б. Z, > A4342, 23 > А3422 


The modified A,-productions are 


4,22| 04; | 1 As 45 12 44 45 4510 Z4 A5 | 14; AES stp4- (i) The A3-productions are 
раа Аз > с1643421023|6434223|а42а4223 (i) 
(ii) Among A;-productions, we retain 4; > b and eliminate A, > 
(iii) Similarly, among A,-productions, вд, using lemma. The resulting productions are 


Ay > cAybAs454 11с23411243422341а42411а422341 
The modified A,-productions are 
4, — bicAi1bA342411cZ5410454225411a45411a452541 (н) 
(iii) We apply lemma to 4; > Aå; to get 
А, > bAslcAi45]b4545A143lcZs4143] bA342234143 
lado4;45ladozs Aids й) 
| Step 5 – The Z3-productions to be modified are 
23 > bAsA3A3]bA3454525 
23 — сАуАз4АзАсА 143434223 
23 > БАЗА А As As As] bAs oA 143434223 
23 — cZ3A As AsAn]eZsA 143434323 
> bA3A32441434545]bA 349254 143434225 
А > алзАу43434 айз АзАЗ Б 7 
E The re 2359 а4з234;АзАзА ал234:43йз003 209) 
quired grammar іп GNF is given by equations (i) to (iv). 


A, 1 | 24, | 045 A, | 145 As Ag | 24 ААА, | Ош} 
| 145244544 A AL 


(iv) Among A,-productions, we have : 
A, > 0 | 14; | 24445 | 0454445 | 1 45444 
2 AAA SA s As] 024454443 | 145244 54443 DA M sad ] 


(у) Among A;-productions, 

: 4,21 

tep-5 — The Z,-production to be modified are, p 
Zy We get, "n 


Z,2 Ma4s | 144452, 
j ^ CNN 475 42544 
The required GNF is given by equations (i) to (vi) ^ ^... 
rob.42. Find a Greibach normal form equivalent jo ihe jo 


: $->АВ|а С Prob.43, c, 
24 2 Вр 47, Convert the following grammar into GNF. 
B > SAl|c Pa > 4,4; 
27454;|b 


Ne As — 4,4 
oL Since the pi At y 142| a * Р 
given grammar is in СМЕ we can omit step 18 (R.GR¥, Dec. 2013) 


ep 2 after renaming 5 
arate A Y 
э Aia, А = P: B аз Ai, A>, Аз, respectively. The опуен th Or 
as hi 341lb, 45 => АА). А16 отіп CFG to GNF — 
The 4 CAE Se igi A, — A543Ja are in the! Bo C4 [ 
2 uctions А» АЗА are in the тед! Ç >AB |а 


ii) 43 — c is 


in the requi ЕЕ 
€quired form, (R.GBV,, Dec. 2014) 
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Ог 
Ws: Unit- 13, 
Convert the grammar S AB, А > BS | b, B > S4 la into Gro А Э bA342B341 2 > bAs45A, É 
rmal form. (RGR, Dui. 5 PEE 45 — adj 
Sol. The grammar 1$ \ 4,25 
G= (А Az 43), їа, b), Р, Ay) Ay > bA3A2B34143 41 > 5Аз4)4\А, 

aere P consists of the following — ду > аВз4 143 41 > адз 

Ay > 4243 A, Э b43 

Ay — Asi E Вз > 414342 B3 — 414343B3 

A, — Аза [o Step – The two Вз productions are converted to 2 

5 jn 10 more productions. That is, the productions proper form resulting 


The steps to convert the grammar into GNF are as follows — 
Step-1 — Since the right-hand side of the productions for 4; and 4 | 
vith terminals or higher-numbered variables, we start with the prod 
+ A345 and substitute the string 4543 for A). 1 
The resulting setof productions is 
А E A543 
43 > АзАЬ 
Аз > 454347]a 


4 Вз — 434345 and Вз — 41434), 
"are changed by substituting the right side of each of the five і 
with A, on the left for the first occurrences of 4j. Thus, В. ad 
- becomes " s es 
Ву — b4A3545B3A14354345, B3 — aB341434345 
B3 — b43454, Вз > bA34541434345, Вз — a41434345 
The other production for Вз is replaced similarly. The final set of 
- productions is 


Since the right side of the production Аз — 424342 begins with alm е A 
‹ : ; s 2 A3AB. 43 > bA 
a variable, we substitute for the first occurrence of Ap Бо 43 — аВз Н T x a i 
Р È 3 
1 = елен set is 45 — b4345B34, Ay > БАЗА 
: F 243 А > аВзА\ A > a4, 
2.3 АзА||Ь 4, b 
43 > Азд АЗА БАЗА а N 1 4 — b4345B34143 A; > bAzA24143 
low, apply lemma to the productions " 4 А > aB3A\A; A > adis 
43  AsA Аз АЗА а > лэм, х 
В; > introduced, and the production 43 —> 43414342 gm ! Ву — ЪАУАВУА|АзАзА)В Вз > bA342B341434342 
3 du iie Из ъ 43 — aBs, By — Ду, andiB3 — 4143” К > aB41434343B3 By > аВА\АуАуА› E 
АЭ Addy : В, 2 DAA 3AB; Ву > bdo 
фуд "s Э b434541434345B3 By — 5Аз4›АуАз4з54› 
: 1 3 > 241434345B3 By = аА\АзАз4› 


Аз э 5АзА›Ву|аВ›|ЬАзА а 
* 3 => 4434341434583 3 
tep-2 — Now all the productions with Аз on the left have 


Prop, 
d 44. Reduce the following grammar to Greibach normal form- 


SAO, А > OB, B > AO, B 91 : 
(RGB, Dec. 2009) 


As н oem m terminals. These are used to replace 43 P m \ So. 5 — 40 
‘AS е riod then the productions with 45 on the left are use 3 4 — OB 
| " OE UAE 4543. The result is as follows 7 Я ù в ло 
з e 
345B5 Аз > b4342 153-3 40 ind воно ir nota ONE 


А3 > 
“з  аВз ДУ 
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i B — АО we 

2, 0Bin$ 40 & get, | 

" 5 З one gxplain the pumping Lemma for context free languages, 

x 

423-08 infinite context-free | ®GRY, Dec. 2016 
OBO|1 Let be an infinite с ree language, Then there exists xu 

Bo _ Ans. m such that any ueL with |u| > т can be decom 
Now, let 41 7 [2] " sitive integer lie posed as- 
So the above grammar will be hexyl < т o 
5 > OBA; ' wyl 21 yes 
дэ ОВ MO om 
Bo OBAIL ^ " "' "5589 E о L2, -— This is known as the pumping lemma for context-free 


which is in Greibach normal form. 


der the language L— {A}, and let we have for ita grammar 
G without unit-productions or null-productions. Since the 
length of the string on the right-side of any production is 
bounded, say by k, the length of the derivation of any ueL I 
must be atleast |u/k. Therefore, since L is infinite, there exist. , РА 
arbitrarily long derivations and corresponding derivation trees 
arbitrary height. d 
Now consider such a high derivation tree and some Н 
sufficiently long path from the root to a leaf. Since the number x =f 
> of variables іп С is finite, there must be some variable that 
0.17. How do we use pumping lemma to show that айт} Tpeats on this path. This is shown schematically in fig. 3.19. 
ntext-free language ? 5 Corresponding to the derivation tree in fig. 3.19, we have 
Ans. We use pumping lemma to show that a language does note T 3 na. 
va ^ тари languages. Its application is уура x E. SŠ у42 S vwAyz=> vwxyz 
Еа to some a negatively to show thata8 ^ "| | "W, x, y and z are all strings of terminals. From 
e assum i 5 ; {ш# A> wAy and 4 x, so all the strings vw d 
е that L is a context-free language. By applying pump егей by the grammar and are therefore d L s Sore 


0.16. What is the purpose of ‘pumping lemma for CFG? 

Ans. The pumping lemma for context-free languages gives a т 
generating infinite number of strings from a given sufficiently long stii 
context-free language L. It is used to prove that certain languages т 
text-free: i 


x 
Fig. 3.19 


the above we can Se 


0, 1,2, can be 
in the derivations 


а contradiction, AS 
- E42 erwise, 
a коше can be carried out by using the following "° 0 ра and А5, we can assume that no variable repeals x z үл 
btained (0 Step 1— Assume L is context-free. Let л be them?” | depend repeating variable as A). Therefore the lengths ofthe gie iod 
ned by using the pumping lemma Да ái, fo the productions of ће grammar en сап бан 
00) Step 2 — Ch ` уму чалу of so that (ii) is proved. Finally, since there aren) їй 
pumping lemma. оозе weL so that |u| > л. Write И А in “Productions, w and у cannot be empty strings and tis proves 0 
ae i Complet ^ to (i : 
5 (ll) Step 3 — pj ky yh eh т es the argument that (i) to (iv) hold. ; 
contradicti Find a suitable k so that vw 9? 019, wy ge 
3 liction, and so L is not PARERS E P "Ife down decision algorithms for context-free langues 
‚0:18, State and е y, J" Writ [7 004) 
m " E РЁ, е sh г 003, 2! 
s / Prove pumping lemma for CFG RG Р Аһу, Some note on decision algorithms. (GRIS i ular 
à : evden 4 a 
. Explain pumping lemma for СЕС abl if аге given eod algorithms for context-free lang? 
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à ithm for deciding whether a context-free las; - ў 
() Algor Bape hable from д by applying a single in 
> nlici A 1 % ; e reac put symbol, 
proof — For simplicity, кеше т а Slight changes \ Ai tes WBIC ged as a row under columns: corresponding to pi ае 
made in the argument if T сек rents е Teg We ta т^ in construction is repeated for every state appearing ín an MS. 
d productions. SS, then L(G); fW bol. ion terminates in a finite number of ste 
e) contains at least one element. (G) Sey E. The construction te Steps: If a final state 


tabular column, then Г is nonempty. (Actually, we can terminate 


nce А ; 
cars in thi s some final state is obtained in the tabular column ) 


е construction as soon а: | 

ihervise, L is empty- oa 
| (v) Algorithm for deciding whether a regular language Z is infinite- 
a deterministic finite automaton M accepting L. L is infinte if and 


(i) Algorithm for deciding whether a context-free language 
i ising 
Proof — We assume that G contains no A-productions, no y 
and no useless symbols. Suppose the grammar has a Tepeating 
sense that there exists some AEV for which there is a derivați 
A = xay. 
Since G is supposed to have no A-productions and no unit prodi 


x and y cannot be simultaneously empty. Since A is neither ШЫ 
useless symbol, we have — 


Init Prod, 
Variable iy 
оп 


0.20. Briefly explain the designing of context-free grammar, 
Ans. Convensions regarding designing of grammar – 
(i) The capital letters denote variables like 
A, B, C, D, E and S. 
Here S is the start symbol, if not then stated. 
(i) Digits, bold face strings and lower-case letters a, b, c, d, and e 
terminals. 
› (iii) X, Y, Zcapital letters denote symbols either terminals or variables. 
such case, L(G) is finite. : Е (iv) а, 2, and у (lower-case greek letter) are strings of terminals 
15, to get an algorithm for finding whether L(G) is пий, кей E d variables, ' ; 
ne whether the grammar has any repeating variables. Thi (V) u, v, w, x, y and z denote strings of terminals. 
iply drawing a dependency graph for the variables such ЇЙ These conventions are used to recognise elements of grammar. We can 
B) whenever there is a corresponding production = w ени among variables, terminals and start symbol only by examine 
: 4 — xBy dis i ctions. 
Variable at the base ofa cycle is a repeating one. Сол у 
185 а repeating variable, iff the dependency graph has > Ш 
gorithm for determining whether а gramm 


55 иАу yw and 45, 
where, и, v and 2 are in Т*. But then 
* 


diei SŠ иду > ux"Ay'y Š uzy 
sible for all п, such that L(G) is infinite. $ 


Now we can simply write the productions as 


А4эа, A 
p 4 — а, А ә а ..... Aa, 
These are the Ki B 2 


7x above Notation 


productions for variable А of some grammar, we can write 

as 

78 a m alala]... 
© Vertical line (0) 


o is read as *or' 
T example — 


Cons PE - The grammar for 
L-(4). d nonredundant context-free grammar M : : (асака, b}*} will be 
C is a productio; а directed graph whose vertices e A > aSa 
‘and only if het there are directed edges from 4 10^ т S > bsp 
(у) поме "tected graph has no cycles. 9 o с Sey с 
roof — Construct ic deciding whether a regular Јаре! eu mbinely 
the set of aj stant tministic finite automaton M 200 Ss SalbSb|c 


reachable from the initial state 40" 
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pdt {ite short note on properties of context-fy 

021. 


: A ages — 
Тее pray, of — Consider the two languag 
0. (К.СРУ, Dec; 209 Ans, Pr? L, = (a"b"c"|n2 0m 0 
Or i nym m 
, „= (a Ь с |п>20,т>0). 
roperties of CFL's. R 2 
Define the gun prop: p Gp are several Ways to prove that L, and L, are context-free. For 
ч here is 
Write the closure properties of CFLs. (.GBy, Dee ye Lo a grammar for Ёл S 8,5, 
Ans. There are some operations that p ZESEEVE CONtEXt free lang ү $ү => aSjb|A, 
rations.are useful not only in constructing or Proving ү, 1 s 
The оре free, but also in proving certain langy, 1% S > cS,|A. : 
languages are context-free, ШЫП te that L, is the concatenation of two context-free 
context-free. A given language L can be shown not to be contigs! alternatively, we Mo: É & 
constructing from L a language that is not context-free using Only op. guages, SO it is context-free. 


preserving CFL's. CFL’s have the following closure properties — 
@ The CFL's are closed under union, concatenation and Kleene 
(i) The CFL’s are closed under substitution. 


. . Qi) The CFL’s are closed under homomorphisin and ing 
iomomorphism. "ue 


L oL= {a"b"c"|n > 0), 
which is not context-free. Thus, the family of context-free languages is not 
iC. 


t intersection. 
a part of the question follows the set identity 
117005 7 LOL. 

If the family of context-free languages were closed. under. 

complementation, then the R.H.S. of the above expression would be эшк 

ее language for any context-free L, and L,. But this contradicts what we 

L have Just proved that the intersection of two context-free languages is not 

Necessarily context-free. Consequently, the family of context-free languages · 
Not closed under complementation. 


< (iv) The CFLs are not closed under intersection and complementi 
(у) Intersection of a CFL and a regular set is a CFL, 


“the CFL's are closed under substitution”. 


~LetLbea CFL, L c T*, and for each a in Tletl 
(G) and 


for each a in T let L, be L(G,). Without loss 
riables of G and th, isjoi 
ws. The variab) 


pem y not 
0.24. The intersection of two context-free languages may or may noi 


are the terminals of the G be context-free, (R.GPR¥., Dec. 2015) 
The productions ofG' Ans. Give Hy : £ 
S RE d n property has two proofs — d хь 
EA i ion i e. The 
Dos Productions formed ; G) We know that all regular language are context free 


nag, 


E 
on of two regular language is also a regular language. Therefore, 


: is both regular 
L^ L, are regular language and context free, then Lal, is th re; 
Context free, 


[o L, and Ды i 
an L, and Le are th 


ly the substitution of £, and Ly np { 
© substitutions into {ab} and а%,Г® 


18) is а м 1 һи We 
Under h Special type of substitution, 


Gi) Let L= (qnin an where n, m = 1,2, 3. bütn is notsame asan} 
7 (aba, abaa, aabba, ...... H ; Y 


The 
CFG for the language L, is given as 


S — ХА 
Omomorpp, c» - 
e famil bci X— ахь | ab px 
Чу of context-free languages H Аад à RA ая i 
отр, А ere, [а ‘ К ie 
р i Bular age, hve seen that this language is the product of CFE fat b^ and 
| d * 


H same аз т}. 
27 (a? D^ дт, where n, m= 1,2 3,,,.,71i5. iot same 95 k 


aren a 
9 closed under intersection = faba, аара, abbaa 
А , N 


(R.GPY, Dec. 200. 
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14. 
age L, is given as 
por p E "x consider G4,7 GV, U (84,7, O Ta; S4, P4). 
W, ; 

X bXa | ba pud "T new variable and 

a aA |a AS p,- RUBY (8, > 853). 
Here, L, is the product of regular language aa* and CFL b T L(G4) = L(G) LG) 

: a * 
Both language L, and L, are context free but there intersects." asily- ; 
n L= {at b" a” for n = 152,8; «d Section ist ШУ consider L(Gs) with 
Gs = HO (85), T1,5s, B), 


i= L 
Bie 

This language is not context free. Therefore, intersection of ty, 
OF мос 


е. 
not context fre Bees 


Q.25. Prove that *the family of context-free languages is elo | 
union, concatenation, and Kleen closure”. Sed 
Or 


Prove that CFLs are closed under Kleen closure. (В.СРУ, Dec ү 
р, 
Ans. Proof -Let L, and L, be two context-free languages genera 
context-free grammars С, = (V,,T).7,,S,)and G, = 12 
ectively. Without loss of generality, we can assume that the ses 
> disjoint. 
ow consider the language L(G), generated by the grammar- 
E G= (Vy UV, 0 (54,7, 0 5,5) 
ва pus not in ИУ). The productions of бу aril 
ss to | nd G5, together with an alternative starting prodi 
se one or the other grammars. More precisely, 
P,- PUP. h. 
: 3 U(S, 8; [520% 
M G, is a context-free б-к d that a isa conet 
it it is easy to observe that : „ EM 


isa new variable and | 
Р„= RU {55 > 5\55] A}. 

L(G;) = LG)*. 
d that the family of context-free languages is closed 
and Kleen and star-closure. 


(R.GPV, Dec. 2013) 


Then, 
Thus we have prove 
der union, concatenation, 


0.26. Explain closure properties of CFL's 
Or 


Explain three closure properties of CFL. 
(R.GPV,, June 2011, Dec. 2011) 


Ans. Refer to Q.21, Q.22, Q23 and Q.25. 


0.27. If L, be a context-free language and L, be a regular language, 
then prove that L, 7 L, is context-free. : 
Ans. Proof — Let M = (Qo 5 T, Óy 4o: 20 Fy) be an NPDA which 
| "accepts L, and = (О, E, 5 Do» F4) be a DFA that accepts Z, We construct. - 
apushdown automaton M' = (О, Z 7; 5', 4 dA Е") which simulates the 
Parallel action of M and А. Whenever a symbol is read from the input string, 
' simultaneously executes the moves of M and A. To do this we consider — 


Q'- Qu* О 
qo = (90 Po)» 
Е'= Рух Fp 


$52 Siu and define pj 


е derivation i; 

B n grammar С. imi 

: 1 c 
if weL(G,) then either 5 A similar argument 


555 S, 


such that 
(ay. Pps x) E8' (a; p), ® b) 


(dp х)єбү(аь а, b), and GC» a) = Pr 


In thi : 
s oh also require that if a = A, then p; 7 Pr In other dm 
Which are labelled with pairs (аь р), representing the перне ht 
"Ward ind end A can be after reading a certain input string: їз а эше 
“ction argument to prove that i 


@ ру), w, zo реле (Gyo Р, 0. 
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eF; if and only if 


144 Theo 


sh g EF y ad P; _ 0. omitting w and y causes at least one initial a to bi 
with g, Fy (gy; 20) Fem (9, х), and б%(ро, w) = Py ing = унны нз уллы tote 
i о das 
Therefore, a string is accepted by M" if and only if 65 охуй = абагы 


n ЦА) = LA L, It ig cr 1f this string were of the form ss (i.e, if it were in L), 


ie, ifitis in LOM) pi 

d A, i.e., if it is m ; ANTES с 
А his property is known as closure under intersection р pee) 4/77 o, з would have to start with а (tom the first s) and end with 
f the theorem, we state that the family of context саш, less J ond). This obviously is impossible. Ifj = 0, however, then the 
oe i "free jg the Sec d this is not of the form ss for any s. Since ууу: «1, we 


closed under regular intersection. This closure property ig RS = 


6 : : d piaibi, an 
for simplifying arguments in connection with specific languages 5 


contradiction in this case. 


at wxy contains no a's from the first group but that w or 


ose th E Á М 
NUMERICAL PROBLEMS - en one b from the first group of b’s. Again, we consider m = 0; 
2 пателата - Те we сап say that . 


ywxyz = alb/a*bi 

‚ < į and some k & i. As before, if this string were ss, s would have 
bin with a and end with b, and this is impossible. We can conclude from 
im Lisnota context-free language. 


Я Я 
Prob.45. Show that the language (a" | n 2 1} is not conf | 


(R. GP, Dec. 201 4, Jun. 
Sol. Let us assume that 


, Hat 
i: я = falbicki <j and j < kj is not 
4 5.47. Show that the language L {a j 
$ = uvwxy, where 1 < | vx | < n which is true. E. у f 4” (RGPY, June 2011) 
Since |уид| < n (by pumping as’ Soi Suppose n be constant of pumping lemma. ` 


Let |] =m, m< n 
: By pumping lemma, uv?wx?y is in L. 
51псе |uv’wx2y| > n? 


Choose z = a"b"*1c”*2, This ensures that z is in Z and |z| 27. _ 
Jf we write z = uvwxy, then the possible choices of vx satisfying the 
ditions — 


MM 
ere £5 pow ad 1 < |vx| < n and |vwx| < n are — , : 
But bw? E =? О (i) wx=@, where 1 <p <n, i.e., ух contains only a's. Vis 
ULM Wey|— n + т< әр + 1 For this choice of vx, uv?wx2y will be ab" 1c"? and since 1<р<п, 


еш», |ну?их?У] lies between n2 and (n +1)? mparison to ЁЗ. Thus. 


0, в 
Wx y contain: í f a's as co 
ence, uv wy2y e T pi р s more or equal number о: 
d £ » Which is a соп 


tradiction. Xy cannot belong to Z. Hence contradiction to pumping lemma. 


Th ii i à 
COM (а n2 1} is not context free. Fi (D ух = bP, where 1 <p < n, ie, vx ae оз : à 1<р<п 
: | or thi И > nel id since 1 SP = 
gs 46. State and prove pumping lemma for CFL's. АБО ШУ Т] his choice of vx, мзбихбу will be a"b"* Ре an n to a’s. Thus, 
DLL EFT" cont d (a. GEF, PO |і б, ^Ontains less or equal number of b’s as compatiso lemma. 
чен 'ext-free, OE 7 cannot belong to L. Hence, contradiction to pumping Tm z 
— Refer to Q.18 Gi) vx = ор where 1 < p < n, ìe., vx contains oues 1<р<п 
©) For thi А TEMO PANA và 2- ince L Sp > 
Suppose Z ig а CFL and п, т 21} Wo ,, choice of vx, пуну will be акс ж b's: Hence: 


5 ad 
= ара. sm Р p Contains |, 


З satisfyi pide ess or equal number of c's as compris: 
85 satisfying the conditions for P" ng 


T 
У cannot belong to L. Hence, contradiction to pumping 


Y WX, y and z 
We mi are 


any strin 


-We Must derive ü : 
Ssumpti s contradict ) i апа eS. 
ps п ЇРПоп$ about the ma: from these facts, without ™ Шу or e Ух = арр, where 1 <р, q S'n, i6, VX contains an ipm ср, 
ы” mgs. ; 15 choi Я ЙЯ рт її? and since © = 
We саа Overlap at most d | ups Of N, wy? ice of vx uy2wx2y will be a! Pb" ЧС s comparison to 
“Birt, сүа] cases © of the four contiguous £2" У Contains more or equal number of b's 


: О: ing 
t Supp uy? р! 
he Se w or й ^N ЕЕ 


_ | | : P 
Since ху S L neither 72 Contains at least one a from the first ee 
As nor y can Contain any symbols from И 


"nee tion ta un) 
. ‘x"y cannot belong to 2. Thus, contradictio P ; 
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(y) ух = PP, where 1 <p, q <n, i.e., ух 


: Conta; ; А umber greater than и. Then 2 = a? eL, We 
а иубихбу will be ae peng a bot a ETT be a prime п 
For this н ; > and ^ ; ; 
<n wy ee T genre = mao isn я ДА ing lemma, wu way = uwyeL. So [uwy зар е 
hoy cannot belong to L. ence; adiction to Pumping | бй d pump! r. Then |u4wx4y| = q + qr. As q + qr is nota prime, 
: We find that vx cannot contain both a’s апа Сое A SEP yg. Let pal =r 


Case p рег, SOY 1. ig is 
hence Т L. Thi lain pumping lemma for CFL's. Show that 

Satisfieg NE. prob. 50. Exp'a = fa^ b c"|n > Jj is not a context free language. 

Ch that nd (R.GPE, Dec. 2012) 


iction. Therefore, L is not context-free, 
ber of b’s between rightmost a and leftmost c, and a contradiction > 
numbe ite i 
contain both a’s and c's then condition |vwx| < n is not 
Hence, we conclude that we cannot have yy su 


L(i > 0). Therefore, it is not a CFL. : P, 
Prob.48. Show that L = {a"b"c"|n 2 1} is not con texte, | 


ing lemma for CFL, Prove that following language is 
Sol. In every string of Z any symbol appears the $, 


ame Dumber y ot? 
as any other symbol. Also, a cannot appear after b апас Cannot appe (CFL or п L= {a"b"c"n 2:1) 
b, and so on. А 


(Ё.АРИ, Dec. 2013) 
n 
€. Let n be the natul. Sol, Pumping Lemma for CFL — Refer to Q.18. 


A Explain pump 


(i) Step 1- Assume L is context-fre 
obtained by using pumping lemma. 


y Also, refer to Prob.48. 
(ii) Step 2 — Let u = a"D"c^, Then lu] = 3n > n. Write n: 


i E t a CFG generating all integers (with sign). 
Wwy|21, Le., at least one of w or y is not A, — Prob.51. Construct a gi een S RR 


where 


QU Sip 3 — vwayz = abe". As 15 wy] < n, w or y cmo G - (Y, T, P, S) 
o symbols a, b, c. So, (а) w or y is of the form atb (отон here, P= (S, <sign>, «digit», <integer>} 
pod sien that i+ «n Or (Б) w ory i i i the repetition л. = iv Oi 
one symbol among a, p, o, — ^ 15 a string formed by the repetitor T= (0, 1,2, 3,........, 9, ) 


A : В P consists of S — <sign> <integer>, «sign > + |- 
a ten pory 15 of the form abi, w2 = gibigip/ (or у? = а), <integer> — <digit> «integer» | <digit> 
| а Б. VW^xy?z cannot be of the form a" *digit > — 0|12]......9 


ivati —15 can be 
= the set of all integers. For example, the derivation of -15 
follows — 


| LG) 
Obtained as 


S= «sign» «integer» => — <integer> i aen 
=> —-«digit» «integer» => — | «integer? >- * SG 
=- 15. 


0632, Design context free grammars for the following languages — 
te Set 


i 7 05 followed 
i Pie Р 21} ie., the set of all strings of one or more 0's fe 


у) 
W хуб = ууз ар, 
w 


7 2008) 
з И} number of 1, (К.СРИ, Dec. 
"01 Context fi °r Ys we get a contradiction. nel T М Or 
: it 
(Proba, Show thas y, 7 L E СР for the following language — 2013) 
i = (а |р Is prime} is nota context Sol. R, 7 (0n Inn 21) (RGB, Dec. 2 
Sol. We use the follow Gne. "tired CRG can be defined as — 


i 15% 
Step 1_ $ Ing Property of £ — L, then (ША 
Obtained by P Pose 7, = y If we L, 


zai (©) = (, (0, 1), P, 5) 
E the Pumping аа алев, Let n be the ™ 


Sts of 


S — 05101 


tation (V-Sem., IT-Branch) 
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p.53, Find context-free grammar for the fo Пон, 
к>й)- ids 


L- іа": n morm <k) (RGby 
1 We construct G as follows — 
So G = ({5, A, В}, (a, b, c}, Р, S) 


where P consists of 


ant to get block of т 0's; followed by a block'of л 178, 

m + n 's generated, and it is required that m and n 
al to 1. This requires that for every 0 in the first 
nerated in the last block, as well as for 
ding 0 must be generated in the last 


Pro 
n20m2 0, а 
Ji, aby 2 equi 
n owe n OF 
"ШО greater puc 0 must be ge 


spo! 
{ o P cond block, a correspon 


S — аАЬС|РЬВс|ЬВс|аАЬ|аЬС|аЬ|є ч ; — m" 
н а qperefore Ше G = (5, A, B), (0, 1), Р, S), where the members 
— bBc|cClc 
C cC|s ^t pare give? above. ; ` 
рађа р. prob.58- Construct єс for hg following set — 
Prob.54. Write CFG for the following sets — "ru кї» ie >“ 
L= fa" b" ca" | n, m 2 1} "TOM ©“ а P (R.GB,, June 2007) 
Sol. Required CFG can be defined as — j ibe >®% ‘ 
i LG)= ($ 4) @ b, о), B S} E. @ её AL no - 
where, P consists of, -— G= US, А}, {a b с}, Р, 5} 
Жу M re, P consists of Mn 
3 S —aaAbc|aabc 
Prob.55. Write CFG for set of all words consisting of an equl - A —aa4|aa 


of a’s and 5%. (i) (à b” c” d” |m, n> 1) 
For example : a a b b, a b a b, a b b b a a. (RGPV De 


` Sol. Required CFG can be defined as follows — 


"We construct G as follows — 
E G= (5 А), (a b. o d), F S 


© The required productions are as follows ~ 


KG) = (9), (a, b), В S} 
consists of, S — aSd|aAd 
i S — aSbS|bSaS| e UN ‹ A — bAc|bc 
"00.56. Construct CFG for generating set — 0 Write CFG for the following sets — Saree 
L= fanb?nenqsmy, m > 1} © (Е®.6РҮ, MEC. ( L= fa" у" с&Ё:п=тогтт<ЬПп 20 Me wem 
01. The required CFG is defined as (i) І = fa?" bc | n 2 Ij. (.GBY., Dec. 2009) 


G-((S A, B), (a,b, с, d}, B 5) 


P consist of | Sol. (i) Refer to Prob.53. (ii) Refer to Prob.58 O- 


: В > cBddd|cddd 

rob.57. Wri in 

ў йу CFG to generate the language — — А 

E. = "Io" In, n > 1}. ac 
© productions of the grammar are x 

S=040 

A — 04018010 

B — 1B0J10 


S «Pp a 
A =. abi bb #- Construct a context free grammar for the Pus 
а : С) = айз?! ; £z 
(63) = faip2l, i > 0} and L(G) = @'%а' S КОЛ Dec. 2010) 


Rs ES, А 
ыз Ò Gi = (S), (а, 5), P, 5) 


) 5 aSbb|abb 
; id 9 = ({S, А}, (а, b), Р, 9. 
18 Is the required grammar. 


where, P consists ofS aie 


Consist à ES 
s of Ans. = 


180 Theory of Computation (V-Sem., IT-Branch) 


Prob.61. Construct context free grammars to 


Unit- 
Feng rs tn nit-Ill 151 
() 0"1" m20 “thes, mbol 5, auxiliary variables 4, B, С, and D and productions 
(i) 0"1" I<msn En LN 
(iii) 0"1"27 т=п Вэ АВІА 
(iv) 01"2" 1+ т=п дэ 1011 
сэ DC|A 
. RGpy — 10 
Sol. (i) Refer to Prob. 52, only difference is that "ly D 


production S. 
(ii) Required CFG can be defined as — 
ЦО) = (S), (0, 1), Р, S} 


where Р consists of 


S Will m yob. 63. Find the regular grammar for the language — 


ü L= efa, b}* : w does not contain the substring aa} 
(i) L= {a"b" : n 20} 

' (R.GP.,, Dec. 2010) 
| Sol. (i) Observe that whenever a a occurs it must be followed 
mediately by a b. Such a substring may be preceded and followed by.an 
itrary number of b's. This suggests that the answer involves the Tepetition 
gs of the form b...bab....b, that is, the language denoted by the regular 
expression (b*abb*)*. However, the answer is still incomplete, since the strings 

ing in a or consisting of all b's are unaccounted for. After taking care of 
special cases we arrive at the answer 
r= (b*abb*)* (a + X) + b* (a +1) 
wesee L as the repetition of the strings b and ab, the shorter expression 


5 ә 051 |1|[є 

(ii) Refer to Prob. 53. 

(iv) The productions of the grammar are — 
5 — 0A2 
А 0А2 | 1B2| 12 


r= (b + ab)* (a * 1) 


Тһе DFA for this regular expression is as follows — 


b.62, Ей в 

05.62. Find the CFG for the regular expression (110 * 1) 

Sol Start Ce RGPY, De 
У Ing with + how 
Implify the proc oo for the languages: (0) and {1}; sh 


Fig. 3.20 DFA 
А), (a, b), P, Ag), where P is given by 


G= (4s а, 


qo > aq, 
40 эа 
do > 40 
40 b 
qı aq» 
91 > bag 
qı >b 


m qoc m 
m b 

= а Symbol C. Finally, we generate the 92 э 042 
ing the production 5 — BC. TH 
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(i) L= (b sn 2 0} 


Оп. 153 
truct the context-free grammar (CFG) equivalent to a 


Refer to Prob.30 (ii), Unit-II. pb. 65. Cons 
rob. ES ; 
(Assume a as 0 and b as 1) : expression +1)* 0D* (R.GPY, D 
Since the language L = {a"b” : n 2 0} is not regular So We one Or Td 
its regular grammer. Ma crG for R-E- (011 + 1)* (01)*. (R.GBV,, June 2016) 
ive 


Prob.64. Given a grammar, make non-det, erministi i 
and convert it to deterministic form — à с fini 
5 0511411 | 

A>O|OA|IS 


| Starting with grammars for the languages {0} and {1}; however, we 
ol. Шу the process by taking some obvious shortcuts. The productions 

imp? дә 011|1 
ate the language {011, 1}. By grammar G* generating L*, we can use 
(R.Gp à ductions 
Sol. Let M= (igo. 4, 9), 10. 1}, б, ао {a} id e d 
corresponding to S and A, respectively, and qris the final E do tni 
S— 0S production induces a transition from gg to go with | oy 2 
$-› 1А, A > 0A, and A — 15 induce transitions fion. a re 
1 with 


from q; to 9; with label 0, and fr i : 
Sand 4 3 0 у nd trom qı to qo with label 1; reed — 


induce transitions from 


B > АВІА 
A>Oll|1 : 
| y generate the language (011, 1}*, using the start symbol B. Similarly, we 


C—DC|A 

Р. 01 

‘Hoderive (01) * from the start symbol C. Finally, we generate the concatenation 
[ofthe two languages by adding the production 5 — ВС. The final grammar 
start symbol S; auxiliary variables А, B, C, and D and productions 


5 ә BC 
B—AB|A 
32i 40111 
a C DC|A 
Transition table Example А 
301631 тран Pond to fig. 3.21 is given in table ЗТ 2901 
sition Table of NDFA Prob.66. Find L(G) for the grammer 
S — aCa 
С > aCa|b (R.GPF,, Dec. 2016 


© s : 
E ol Required L(G) can be defined as 
(©) = KS, С), (а, b), P. S) 


ere P consist of 
S> аса 


L 


= {aban PET 


Prop, 
.67, - as 
Show that the following two grammars are equivalent 


5 гатта. Grammar-2 
F Q Fen S > abAaAlabAbi|ba 
Ж. 3.22 Тану, B а А — daa ; 
ansition Diagram OF DEA gor ana 7? aA|bb (RGR, Dec. 2009) 


tion (V-Sem., IT-Branch) 


Theory of Computa 
Sol. If the strings generated by both the grammars ар 
can say that both the grammars are equivalent. © the 
First, we check strings generated by the starting symbg у 

Sq, 


The strings are ^ 
S> abAB > abaaaB => abaaaaA = abaaaaaag 3 
UN 


S = abAB > abaaaB => abaaabb 


154 


S= ba 
Now, we check strings generated by the starting symbol $ ў 
“ш 


The strings are — 
MAL DEFI 


5 = abAaA = abaaaaaaa { — 
S = abAbb = abaaabb ү | А; І ; 
S= ba ‚ EXAMPLES OF PDA, 


1 and grammar-2 are equivalent. 
note on pushdown automata. 


Lg. Write short 
__ Ans. Pushdown Automata (PDA) is just like non-deterministic finite 
tra memory component called stack. The stack allows 


automata with an ех 
wn automata to accept or recognize those languages which are beyond 


Therefore, grammar- 


-Prob.68. Consider the grammar with productions — 
S —aaB, A > bBb | А B > Aa 
Show that the string aabbabba is not in the language generate 


E (R.GPY, July 
ol 5 = ааВ = aada = aabBba j it of finite automata. 

= aabAaba => aabbBbaba š HE The classes of language accepted by the PDA is exactly class of context- 

=> ааЬЬАаЬаЬа => aabbababa m. grammar (i.e. the language acceptance poWer of PDA is same as that of 

context-free grammar). This equivalence is very useful because it provides 

is context-free (either 


other option by which we can justify that a language Д 
down automata which .. 


се, the given string is aabbabba. : 
ence, the stri i i " 
> ng aabbabba is not in the language, ы (2091410 its context-free grammar or create a pus 
с 6 -feognise it). The model of pushdown automata is shown in fig. 4l- 
= F = < 
Storing Removing 
State | i Ea 
Control na wees 
pushdown 
store (Stack) 


оло У jp of diagram. 
ive the definition of pushdown automata er EA {> 5014) 


Fig. 4.1 Pushdown Automata 
ч (RGP K, June 2016) 


Се ti Or 7. Dec. 
he formal definition of PDA- 6А 


" Explain PDA 


2016) 
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Unit-IV 157 
Ans. A pushdown automaton is а 7-tuple Machine, Viz | : one instantaneous description to another will be denoted by 
Zo, F) consists of E : Qr, mov woe 
ф A finite non-empty set of states denoted ру c нк”, (ap aw, Бх) (92, W, yx) 
(ii) A finite non-empty set of input symbols denote; ША = E 
Ше күш ri ak E эе Symbols a possible if and on | Lp estas 
iv) А special state called the initial state deno M» : f 
QA Tel pude sri ie ea | gy a ming ie ey о 
pushdown stack denoted by Zp. Уш " era М gto 


(vi) A set of final states, which is a subset of 


Q бео stow tha hat an initial ID is (qo, w, Zo). It means initially the PDA 
з 3s А y t be noted tl at а: ө 0» ™ 4). К ty the 
EN NS. Ex Pr aM function ó from О х (x U{A}) x nm dem al state qo, the input string to be processed is w, and the stack has 
e + 


: : ne symbol, viz. Zy. Also in an ID (g, w, и), w may be 4. In this case the 
Q.3. What is the additional feature PDA has when compared yy 0 


(К.Сру, мр. 0.7. Define the language accepted Бу а pushdown automaton. Also, 
wl ле the set N(A) accepted by null store. 
B. Or 

$ Explain how many ways PDA can accept (final out null store). 

х (Е.СРИ, June 2016) 
Ans. Let М = (О, У, Г, б, Qo. Zo, F) be а non-deterministic pushdown 
fomaton. The language accepted by M is the set 
ЦМ) = QweE*Kao, W, 2) 6 Mag, 4, o) 

for some qr eF and аєГ*} 


` 04. Differentiate between “PDA by empty stack" and «А 
State”. 


77 (R.GPV; мй 
Ans. Ifthe language accepted by a pushdown ашотаїоп 0 © 
Anputs for which so : 


(ER me sequence of moves causes the pushdown ai 
mpty its stack then this language is referred to as the language aff 


: Pn words, the languages accepted by M is the set of all strings that сап 
"ta, Lacke And, the PDA is called “PDA by empty stad Bii, gayt Fel state at the end of the string. The stack content ais irelevant 
е langu; | N 


efinition of acceptance. Let us take an example. · 

nstruct an NPDA for the language 4 m 

L= (we (a, b}* ng) = пуб} : 
he Solution to this problem involves counting the number ofa's and b's, 
аса co One With a stack. We need not even worry about the order of 
Fila is " b's. We can insert a counter symbol, say 0, into the stack whenever 
Bunt * then pop one counter symbol from the.stack vien a - is 
FE b's than с Only problem with this is that if there is a prefix of w 


Ke Co; 


.6. i с n a's, we wi e is is easy to fix, For this, 

ds 0.6. What is Ррд ? Explain instantaneous description P^ E negative aren peni ence ера иол 
а Refer to Q.2 (GST Ms, ner а? later, The complete solution is an NPDA. 2 

he triple ` F 40 Qj, (a, b 1 with à given as — 
remaining uns SCA 4), Where g is the state of the control шї 8 ОМ a a 2n б, do 20, (a9) ' i 
тові symbol indic, se input String, and v is the stack eo 9 (40, a, Z) = Sp 20 
description (qp ating the top of the stack) is called ал 7 Fa, b, 7 Kao. 025) 

Pushdown automaton, mies e Zo) = (а, 120)} 


Ulan тз 
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= 00)} 
5 (Go a, 0) {Go Д 
follows 
5 (qq> ® 0 7 ad a tus define В 95 B= (D208 db Zo. F) 
5dy% D {o> Mu 
б (9 LDS {o> 11)} ` yi an 5 tat 
0 2 eres p= ap with дуз а new state (not in Q), 


baab, the NPDA makes the moves 12 Qu {40:9 
à " mbol for PDS of B, 


In processing the string 
(qo: baab, 2) L- (4 aab, 120) risa new start sy’ 
+ qo ab, Zo) ~ a ru (20), and 
+ (qo b» 020) A is given by the rules ЁЁ), Ёз 
H (90 5 20) 2 
E (ay. 4 Zo) Ку: Op (40 ? A, 20 ) d {os 26 Zo ), 
and hence the string is accepted. Ry: ӧз (4, а, 2 = 5(q,.4, Z) for all (9, a, Z) in Q x Quapxr 
The second type of acceptance is defined as — Ry: дв (D $ 2) = (ay. 9} forallg € Q 
' _ Вуд, the PDA В moves from an initial ID of B to an initial ID of A. R; 
B moves to the initial state of 4 with the 


oa à Fon Md BEDA. Ue REN Accepted gives a 4-move. Аз a result of Кү, 
МА) = (weZ*((qo. w. 2) È (4, А, А) for some qeQ nM ч symbol а top of PDS. 
m aen wis in МА) if Ais in initial ID (qo. w Zo) and empl E. "o moves of A. We can re] 
тэсшш E de obw 50 in defining MA), we consider te Ове top of PDS. As Z is a new pus 
z y application of w, and not the transition ds R; gives a A-move. Using Ёз, B moves to 


Q.8. Write a brief note on 2-way PDA. (R. GE, De 
Ans. Atwo-way pushdown automaton or 2-PDA is a pushdown 
xm permitted to move in either way on its input. Like the 2w 
do (FA), it accepts by moving off the right end ofits inp! 
odd ete L= {0"1"2" | n > 1)is accepted bya DOW »i 
maton. The L is not a context- о 
not equivalent to PDA’s. шере RU, ss pa "V n. 


. Thus the behaviour of B and A are similar except 
BYR, and Ку. Also, w eT(B) if and only if B reaches ду, 
Ч S his no symbols ‘from 77(since B can reach ду оту b 
5). This suggests that Т(В) = №4). i 
à ehe prove rigorously that N(4) = Т(В). Suppose з” 
T» ition of NA), (qo, w, Zo) > (4, А, A) for some q € 
1 q ‚ (90, Ww, Z +*— A 
«free languages not By result 2 A ela 
+ that such a lunar d by 2DPDAs. However, no one till Жү j A oS : М 
з 2; exi > бү, , 
-. example of a non ien Incidentally, the language 07 A o By R} ES ^ ZoZ$)"g (a, А Z2) T 

ee language accepted by à 2рр M ^ (90, А, Zj YE Ge А ZoZo) — 

; result l, we have » 


i til i be =(0, ZI бау, Zo F) is å ppA ust i 

9 , ind a PDA И ulis кез hot: 
>”, Zh)" (qo W, 2020) 
A, ZAVE (qp, А A) 


which accepts L by fi ES (0', E, Г", dg, а' Zo psu 

tnal state, i. = Ы У 
© Ans. В is с Вер І = N(A) = Т(В). - M ng equation (i ©. бый 
Teaches an Gat DA. in such a way that — (i) by the init p (4 ion (i) — equation (iii), we have 
-and (iii) all ааа (ii) by the final move of B, it un This pro b» v, ZOJ- (ap, А, A) 
; Moves of B are as in 4. po Я es that we T(B), ie., МА) © TB). 


able in linea) 
ge requiris » 


“By R, 
ыы 


mulate А. Once В reaches an initial ID of A, R, can be 
peatedly apply Rp until Z is pushed 
hdown symbol, we have to use Аз. 

the пех (final) state erasing 


for the Z-moves given 
i.e., if and only if the 
y the application of 


eN(A). Then by 
О: Using Ry We 
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prove Т(В) © МА), start with weT(B). Then 
Gy w 20)' GA, о) 


Unit-IV -161 


To finite set of internal states of the control unit (i.e. finite state 


But B can reach qyonly by application of Ку. To appl control) input alphabet 
the top most element on PDS. 20 is placed initially, ang у, qp P5 wee set of symbols called stack alphabet 
top there are no other elements in PDS. So. а = 4 an deq Whey ie 728 2 (хо {Ay х Г) finite subsets of Q х T* is the transition function 
Mim (y Me 5: 0% nitial state of control unit б 


reduces to 
eQ 


ris the stack start symbol 
is the set of final states, 
peterministic pushdown acceptor automaton (DPDA) is a pushdown 

tomaton that never has a choice in its move. 
О А pushdown automaton M — (0, Z,I,6,q9.z9, F). is said to be 
| deterministic if it is an. NPDA subject to the restrictions that, for every 
eQ, a EZ о {А} and Баг 

(i) б(а„а,Ь) contains at most опе element. 

(ii)pif,,.6(q,4,b) is not empty then Ó(g,c,b) must be empty for 
every ce D. . 
The first,of these conditions simply requires that for any given input 
symbol and any, stack top at most one move can be made. The second condition 
is that when a A-move is possible for some configuration, no input-consuming 
ative is available. 


_ 9.13. Is it true that non-deterministic PDA is more powerful than that 
deterministic PDA ? Justify your answer. (R.GB, Dec. 2014) 
i E. ns. Yes, it is true that non-deterministic PDA is more powerful than that 

> deterministic PDA. A pushdown automaton that has the property ofmapping 
"ri Symbol, state and stack symbol can result in more than one next 
| Sensitive or stack state. A non-deterministic PDA can be used to parse a context- 
re grammar and is consequently more powerful than a DPDA. The 


heu. 
"865 accepted by NPDA is large than that of the DPDA. 


0.14, n 
эы Deterministic and non-deterministic models of PDA are not 
t Justify with example. (R.GRY, June 2010) 


Ts itt Or E 
А Tue that deterministic PDA and non-deterministic PDA are 


«o 
zE 


(Go W, 20) 7 (ду, А, A) 
Fel 


In equation (v), the initial and final steps are effected onl 
The intermediate steps are induced by the correspon ding x i 
equation (v) can be split as } oves | 

@ъ 4w, 24) тр Gos W, 2020) $- (g, A, д) 

for some q є О. Thus, (g'o, 2w, 25) "тг (ар, w Zo Z5) В (iy 
" ok 

(qj. 4, А). As we get (qo, w, 2) 20) ‚в Gv Zp) by. applying iy 


times and R, does not aff ) 
" affect 2) at the bottom, we have (qo, LY 


А A» By the construction of R3, (qo, w, Zo) a (9, A,-A), which means 
Thus, T(B) c М(А), and hence Т(В) = М(А) = L. 


-10. Wri 
0 0. Write short note on deterministic pushdown automata, | 
(GET, De 


Define deterministic PDA Е 


Ans. Refer.to Q.9, 


\ Refer to Q21 (Unit-Irr) | 


270.12. Wri; ; 
rite Short note on NppA and DPDA. garh” 


М Valens į, 
Explain th о Y A nt in the ify your answer. 
ep NES e di, T y sense of language of acceptances ? Justify yo s 
< бетйнше ррд „ду еп © between deterministic PP igi an, y guage of ассерито R GPK, June 2015) 
С Ans. А non-determ; vample, i: (R. ah a саа or finite automata, the deterministic and non-deterministic models 
even tuple — nistic Pushdown accepter (NPDA) 15 de А. | fact ie Tespect to the languages accepted. The same 15 not true .. 
= NC rmi, w 


А is accepted by а non-deterministic PDA, but not by 7 


М = 
(Q, 2, T, ô, 402, F) 
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Forexample—The following 
fig. 4.2, gives a PDA that accepts 
(ww | in (0 + 1)*}- Rules (i) 
through (vi) allow Mto store the 
input on the stack. In rules (iii) 
and (vi), M has a choice of two 
moves. M may decide that the 
middle of the input string has been 
reached and make the second 
choice — M goes to state q) and 
tries to match the remaining input 
symbols with the contents of the 
stack. If M guessed right, and if 
the input is of the form уу, then 
the inputs will match, M will 

empty its stack and thus accept 
the input string. 


‚ Like the non-deterministic’ 


finite automaton, a non-deterministic 
А, М accepts an input if any 
uence of choices cause M to 


no “right guess 
the accessible 
Processes the $ 


". Fig. 4.3 Shows 
ID's 9f M when 
tting 001100. 


Unit-IV 
М = (a Ф), {0, 1}, z 


И Uno. | = 00 
O. 84,0, в) = ^ буа, , 0,0) = (Яо 00)) 
G) д1, ву - MB OM Foe 1,0 = (0010) 
Git) 20,5) С Ce Gh) BAM о ту lido 01) 
d) 60.06) = DP 5409 D = (9 
б) Qol, B) = (шь абу ^3 (qp L D = (ao 1D} 
Ub saro 2080) | 5 Gy © © = (a. 0) 
(ii) 3.0) = tas ey 5 (qq o D = (a. D) 
Wilt) 261,6 = (qu 5 (do © Zo) = (a1. Z9) 
Gx) Qp e R) = pe Ho == 

4b € R) = (e є) 5 (ау, 0, 0) = (2142) 
Q 0660 = quo е, 


94911) а) 
: 8 (91 47 Zo) = аг, Zo) 

‘We observe that from: the construction of A, these rules cannot erase Zg. 
from the stack we consider an additional rule = 

б(ду. А, Zo) a Kay, Ay А М 
_ Bythis rule stack сап be emptied by A-moves iff the PDA reaches the ID 
0 A, Zo) Hence, ` 


Fig. 4.2 A Non-deterministn " j 
accepts битк [їп (0 + 2% 
Stack ` 


Initial : $ For erasing Zo 
: * 


(a1, 001100, R) ——> (q,, 001100, є) 


с 


(4, 01100, BR) N(A) = {wew®|we (0, 13. 


Construct PDA that accepts language 
L= {WWE | W in (0  1)*). 
Or 


(a1; 1100, ВВВ). (e, 100, В) 510 | Prob.2. 


(Е.Р, Dec. 2012) 
(q,, 100, GBBR) 


(WWW (0, 1)* and WE 


i Sb сойку. Чы зш if Design PDA to accept the language L(G) - ins GM 


isthe reverse of word W}. 
(4 0, BGGBBR) (gy BR Ш Or „кы 
XE di F be ees Design PDA to accept (WWR/W e (0, 1)*}, where W is a word and p? 
(9, €, BBGGBBR) (q, € GGBER) E reverse of word, (R-GP.V, Nov. 2018) 
Я Sol We define the PDA А as follows — gut 
A= ({90, 91, 92}, (0, 1}, (0, 1 
ned as — 
ô (40, 0, 25) = {(ао, 02) 
ô (qo, 1, Zo) = {(@o, 120)} 
5 (90, 0, 0) = {(ао, 00)} 
8 (д, 1, 0) = ((go, 10)} 
5 (до, 0, 1)= {(qo, 01)} 
8 (qo, 1, 1) = ((qo, 119} 


EM ‚ 2), à qo 20 (a3) 
Atl Mere Sis defi 


Fig. 4.3 Accessible ID's for the aM 
Input 001100 


: 8 (qo, ^, 0) = ((qi, 0)) 
$ the PDA 0 qı 

Чез, (0, чч ы dis 2 qo Ast) = (691 D} 

(o. 0, zy үг fob qp Zo (ag) wie 9 (до, ^, Zo) = (qi. Zo) 

@ д = fe 02) SDOT fn. 


(as. 125) 


(a, 1, Y= (9, AJ) 
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1 
6 (n. ^s 20)= (092 Zo) 3x ~ (qo, aabb, gis 
Thus NA) = (WW in (0 + уз. L(y “ a 
i » OD, Qa 
b.3. Construct PDA for the set L > (ат bh pes + (4o b, aZ) 
Prob.3. (S. GB, June 2008 m + (ао, 8; AZo). . 
isi Es + (qo. А Zo) 
Design pushdown automata which accepts L = (0o rh a te, 4, » 


(ару ig, 
Sol. The required PDA А is defined as follows — M 


A =(Чао аъ Ф), (2, b), (0, 20), б, 4 Zo 9), 
ô (Q9. а, Zo) = a а20)} 
8(q а, a) = (qj, aa)} 


мА) = {а?"%|п>1} 
Thus, 1 


Construct a PDA A accepting the set of all strings over {a, b} 
b.5. Соп: 


e number of as and b’s. 


Where ji; deli 
Ў ing equal = 


a РРА which accepts the language Г = {W efa, b)*/W p bs 
osos pesign ў Er D 
8, b, а) Ы, аў amber of a’s апа b's}. (КЕРУ, 
5 (qa, b, а) = (041, 2) qu 


ô (qi; 4 20) = (01, D} 


Let us see the acceptability for the string aabbbb. The Sequence ofn 
in accepting aabbbb is 


(ag. aabbbb, Zo) - (qi, abbbb, aZp) 

- (4, bbbb, aaZy) 

+ (92, bbb, aaZ,) ер” 
+ (qj, bb; aZp) nig 


ы nb}, {Zp ,4,3},6,9q 2.9) 

Sol. Let A a i 0: } 90:20 

пс Sis defined by the following ru les — 

3 ó(q,a,Zo) = ((q,aZg)) ó(q,b,Zo) = {(4;bZ0)} — 
8(4.а,а) = ((q,aa)) 5(q,b,b) = {(g,bb)} 
ó(q,a,b) = ((4,4)) ó(q, ba) = (9.21 

5(4,4,Z9) = ((q,2)) е СЕЕ 

_ We begin with storing a symbol of the input string and continue storing 


in the stack is a and the 
ill the other symbol occurs. If the topmost symbol in the T 
E Go, 5, azo) +) Mit input symbol is b, a in the stack is erased. If u has equal ао 
= a e: "i (b's, then (4:14 Zo) & (q, А, Zo) H (q, А, А) So WENA). AE a 

к @, 2, шл) is the pj T ing the construction 

à "— 2 iven set of strings over {a,b} using 
s, NA) = {апыт Ф —u CC DE Ы ot strings 
Prob.4, Constr, 


5 the required PDA. 
uct PDA for the set L= fa? bin 21. 


: SU vil 
(R.GB.V, Dec. 2003, 2010, J^ f 
RY | The required PD. is defined as > N 
(Um (аъ а} fa, b} 


Prob. c. Construct PDA for the following language - © — 
L= {ат pn cmn | m, п 21. Š 
Е ане ‘Dec. 2006, 2014, June 2015) 


i E ; iss P 
Su % 2,5 40> Zo, H), where ó is defined > SOL The PDA accepting (g^ pn ст+т | m, n> 1) is defin $) iHa 

= 4 a2) EE UN p (ао, 4v 9), (a, b, c), {Zy 21, 2). & do Zi | 

р aa) 0 |. lS given by ; 


9 a, Z) = (а, Z Z9) 
(o а, Z) = {(q,, 212) 
A. b. ZD= (д, ZZ} 
AG. b, 2) = (oi. Z,2)) 
a6 2у= (o, e) 
c. Z)- (д, €)} 


0) = КЕРУ E T | 
fing the str ing is — y for the String aaaabb. The sequ E 
(o аааабь, Zo) (91, 


aaabb, aZ,) 
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6 (9, & 2) = {az €) 


that we use for the PDA to be constructed ig 


=the PDA 
тре logic and either go on pushing the a’s onto the stack without 
5 (дь €; 20)= {G2 ©)} So" a state do il it gets b, or will push two a's first time when it gets 
; ag state, U 
PDA for the following language _ 5 
Prob.7. Construct 


Hs d change a state to 91 and then go on pushing two a's for. 
е input n next in the input remaining in state q}, until it gets b. 
det apponring ое a from the top of the stack advances the tape head оле 
m ges и, jo es the state to gz irrespective of whether it is presently 


L- (aW cd" |n 21) 


y Ollo. ол rig n for every b appearing next in the input it simply pops 
A= (4 41 9). (a. b, c, qj, 0,2) beh - qo 0T m stack, without changing a state. When it reaches end 
Е Е? to А 
where ĝis given by ; m the top 


ô (qo а, Zo) = ((a1. 20)} Nahe 
5 (ap b, д) = {091 bZo)} 

ô (qi, b, Б) = (qi, bb)} 

ô (qi, c, b)= {(@2 Буу 

ô (dy, d, b)= ((q5, є)} 
(dy є, 2)= ((45. €) i 
Design a PDA to accept the following language - 

{0"1" |n >I}. (R. GPV, Dec 

Sol. Pushdown Automata — Refer to Q.1. 


Let A= {ao q1}, (0, 1), (0, Zo}, & do Zo Ø 
ĝis given by 


0 
fih 
oves of t 


if top of the stack is Zo, then it empties its stack. Therefore, the 
Жр, 
е god PDA are — | 

5 (Gos €. Zo) = ((q5; ©)} To take care of acceptance of 


5 (qo. a, Zo) = (90, aZo). (91. аа20)} 
ô (qo, а, a) ^ (ao. aa)) 

6 (а, а, a) = {(41, ааа)} 

6 (qo. b, а) = {(9, є)} 

(qi, b, a) = {(9, є)} 

ô (42, b, a) = ((q», €)}. 


| ô (Ga, €, Zo) = {(q2, €)} 
_ Therefore, PDA is — 


M = ((qo. 41. 4). (a, Б}, {а, Zo}. & do 2.9 
' here ĝis given above. Ж á 
_ Probl. Construct a PDA for accepting the language 
L= fww we fab }*} 


String abba. 


С Also parse the 


Д Ог 

| Make а ррд accepting the language perci К, Dec. 2005) 

E. We ше the fact that the symbols are retrieved from : Api 

Push — of their insertion, When scanning the first part o compare the 

- ins tive Symbol on the stack, For the second € input 

long tas bol with the symbol on the top of the stack an à т ык 
of a ‘wo match, Since symbols are retrieved edt will-be 

P ved ire de rder in which they were inserted, a complete 

: Put is of the form ww, " 

ly With this iden is that we do not know. пе те аце 

n Mis wW ends and wÈ starts, But the non-determiniss the middle is, 

P5 us with this, The PDA correctly guesses where 


state gq and go on pushing 0's onto ш 

sets 1. When it gets 1, it changes Br [ 

Stack. Then for every 1 appearing n (8 
the stack, without changing а a 

if top of the stack is Z,,then it empties! 

ct a PDA 

n2 


fer the following language = 
(й) апп n 21 
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int. The solution to the pro 
and switches states at that d -(oETS ie Pi 
where Q= {40 4p d2); 
E = (a, bj, 
T= (a, b, Zo}, 
war di functions can be defined as — А set 
ô (dq, аа) = {090 аа)} 
(40, b, а) = {(90, Ба)} 
ô (Jo a, Б) = ((ao, ab)) 
(90, b, Б) = ((qg, bb)) 
(do. а, Zo} = (qo. а2)} 
8 (do. b, Zo) = {Cdo bZp)} 


A set to guess the middle of the strin 
State qo to д]. 


E 


ô (do A, a) = КСА а)} 

ô (40 A, b) = {ai Буу 
A set to match wÈ against the content of the stack 
5%, a, a) = ((q,, Ау} 
(41, b, b) = (91, 2) 


йшй, 204,4, Zo) = (9, Z9) 
These are the гу] 


_ The sequence of 


moves in accepting abba is 
(40, abba, 20) + (qo, baa, aZ) 
I- (qq, ba, bazo) 
+ (91, ba, baZo) 
I- (q pa а2у) 

ЕК (ais A, Zo) : 
E@, A, Zo) : 


> The non-deterministic al 


taken at the third Move, At 
two choices fo; 


(ag, ba, bazo) - (40, а, bbaZy), 
One useq above, па 
acceptance of the їпрү 


p MA) = ty, 


ts. Hence, 
Wipe {а, 53 


ES Bh 
to Push у, 


Ou 


85, where the PDA si ^ 


55 to recognize a successful match for ww". 


EON 


, iddle o 
lternative for locating the middle ¢ 


EN. ba, 
; that stage, the PDA is in ID G 3 

Tits next move, One is to use 5 (40, b; E 
. Make the move, х 


ES 


Gp 
mely 5 (qo, А, b)= r 


Unit-Iv 169 
language — 
ign PDA for the 

ics + b)* and n,(w) > ny(w)), 
(wwe Or : 
ition table for deterministic PDA recognizing the following 

si 

Give tran 
m Huge es 


rob. L2 


(R.GP. E, Dec, 2011) 
Le ipi 


; PY, Dec.: 20 
L-(x є fa, b}* |n, ел 3 n, GJ) RG SE 2005) 


: t the language [x € (a, 
jon a PDA to accep: 
Design а 


D)*in (5) > п, (89) 
(R.GP,, Dec. 2015) 

; for lan, e 

Sol The m ue ы ce s (и) is defined as — 

on 4p. (a, b), (a, b, 20} 6, 90 p {44)) 

i ned as — 

= a, Z)= (о aZ) 

5 (Gq b, Zo) = ао bZo)} 

ô (49.4, a) = ((qo, aa)) 

5 (qo, b, b) = ((qo, bb)) 

ô (do ay b) = {@, ©} 

9 (dp b, a) = {(90, є)} 

6 (qq, €, a) = Kay. D 


: in (0+ 
13. Define PDA. Construct the PDA accepting wor М г i 
ФИЛ empty stack. Take input as 001С100. (RGR, 
- Sol. PDA — Refer to Q.2. 


f the stack, 5 
Fora move in which the PDA writes a symbol оола 1 (g,. BR}. E 
vs value (0, Y) where || = 2. For example, 5 (41, ' чудо! byanew 
Mitre of length one, the PDA would simply replace the d to let y equal € 
bol and not increase the length of the stack. This allow : 

3 О рор the stack. 


Pro 
b 


^ We wish t 


) ы 
М=Ча, д3), (0, 1, Cj, {R, B, 98460). 
"чь, д), BR) 8 (дь, LR) o a 
ji MTS D-((q, ввуу ô (ду 1, B= (av pue 
et | LES BG) Fay L G7 n 
WE Mag © eqq. Ry 
p- ee ek (9, By} 
f b C, =q, 
( j 
LES Sian є)} 
С Р 


j& | Win (OD)? 
i j WV W in (0 
ormal Pushdown Automaton Accepting WCW. 
by Empty Stack 
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170 Theory of DA for the following set — 


rule 6(g5, €> R) = {9 €)} means that the phi: 15 construct P 


recogni 
ts jeer t NPDA’s that accept the language 

^ prob.16. Construc. РРА bon Pras te 

on E= (a, b} 

PDA can be defined as follows — 

М= (190 41 45). (a, b), (a, b, 2} б, 4 Zo. д 


Note that the ase the R inde Aine Lenz 21) ел 
: top stack symbol, can er: pendently epa S R.GP E, June- 
кз a the input head is not advanced, and in fact, thers : б Б 1 a 2010) 
remaining input. Following fig. 4:4, gives a formal pushdown M a prob.48 (Unit-III) (assume 0 as a, F an = с): | 
accepts (СРУ in (0 + 1)*} by empty stack. "lng m Refer t алатан ibit context-free. So, this language is beyond 
Following fig. 4-5, shows the accessible IDs of M when м "SP есе, the Ё РОГ of PDA. Hence, there is no PDA which can determine 
ee Plt E айо: 


string 001С100. 


Initial 
`(41,001С100, R) 
(91,01С100, BR) 


uired № 
(q1,1C100, BBR) Sol. The req j 


(q1,C100, GBBR) aid Sis defined by = 
$440: а, 20) = {o а20)} 


(2,100, GBBR) 
5 (Gq, а, A= {lo a3) 


(22,00, BBR) ó (qo. b, a)= {(а\› а), (9% є)} 
(42.0, BR) &(qy b, а) = (a5, а), (а €) 
(92,6 R) à (4), b, ay= {(90 є)} 7 

4 ô (qo S Z) = {qo є)} 
(42. 6, €) x 
4 
Accept 


_ 0.15. Prove that, if L = L(M) for some PDA M, then L is a context-free 
guage, i 


enese OA PY, 
ol. The pushdown automata is given by — "S pro E 


oll Ans. Proof — Assume that M=(O,2,I°,5,90.Z0» {gy }) satisfies Ше 
к OWing Conditions — 
© It has a single final state qythat is entered iff the stack is empty- 
G) АШ transitions must have the form 6 (apa, 4) = {6162 eek 
е; =. (CA 4) 
›еасһ К ci = (qj, ВС). F 
e ne either increases or decreases the stack content by asingle symbol. 
е MA 
Tsy the suggested construction to get the grammat: G= C, ~~ 
һе Consisting of elements of the form (q; cd; ). We will sho 


8 Ge (, Z) = (g, 
о CZ) 
pois G 20) = (90 ( Z) 
Ado 6t )= (90 {{) 
P. GO= (90, (C) 
5i o 6( = Gy (0) 


^ + 
? D= (4, (£) Mar so obtained is such that for all gp gj €04 19 XE uv SE "> 
п {ус © Plies that isu, AX) |е (qj, X) ee 9. 
4 є, 2 уш do €) (ч: Аауу >и, and vice versa. 
' 4) (6 e) j , 


prides E Bede hel)? A лау 1/3 
f Compute Nro 
2 Theory o! 


17. 


t part is to prove that, whenever the PDA jg Stich i ductions in P are induced PANES ©. р кдын 
ке ба can be removed from the stack-while scania | meP" jductions are given by S > [40 Zo. 4] for every q л 2. 
A and its effec then the variable (d; 4 d; ) can derive IM S RC SP move erasing a pushdown symbol given by (g', 2)є5 
- from state dj Ж-А grammar was explicitly constructed to а ЗЧ р, – Eae 2) induce the prodeution [0, 2,4 ] => a. 
— m on the number of moves to make it precise his WES (а % not erasing a pushdown symbol given Бу (g;, 2125 
пее SCise, 


_ Each move indi any productions of the form 
R , а, 7) induces many p 
37 Ze 


[o 2.4 1 а [41 21, 42] 192, Z» 43] --14, 2, 9 1 

D es states q', 42 --- Ym Cam be any state іп О. Each move yields 

where each eid because of Ёз: Itis better understood by taking an example. 
апу [aee a context-free grammar: G which accepts N(A), where 

-- Cons! 


A = (ао 1). @@, Р, Zo, 5 do Zo @ 
E is given by 
where 515 & РИ «ЧӘ (Go. ZZ) 
1 8 (do А 20) = (49. 0) 
| lao РАР) = (ao. Z2) 
Jada 2) = (4. 2) 
ô (а b, 2) = (a, Э) 
| ô (ау, а, Zo) = {40 20)} 
Now, we define С as follows — 
G = (У, (a, b}, P, S) 
Mere V consists of S, [40 Zo, qo], 140 Zo. 41] 140 Z 401. lo 2. 91 11 
v 4. 14), Zo 411, [di> Z qo]. [41. Z gol- 
; The productions are — 
Pi —S > [40 Zo 9] 
Рә S > [dq Zo 41] 
ô (do, b, Zo) = {(qo, ZZp)} yields 


For the converse, consider a single step in the derivation ag, 
(а:Аак) => а(9; Bay (q1Cq; ). 
Using the corresponding transition for the PDA 
ó(gj,a, 4) = (aj, BC, DET ie D 
we observe that A can be removed from the stack, BC put оп, reading 
the control unit going from state 4; (0:9; . In the same way, if 
(q;j44;) >a, 
then there must be a corresponding transition rk 
баа, A) = (aj, A} y) 
whereby the А can be popped off the stack. We Observe from this t 
sentential forms derived from (9;4q;) define a sequence of ps] 
"configurations of ће PDA by which equation (i) can be achieved f 
Notice that (9:44) = а(9 ;Ва)(9Са}) might be possible firs ~ 
(g; Bay (q; Сау) for which there is no corresponding transition of the taf 
(iv). But, in that case, at least one of the variables on the right will bu 
all sentential forms leading to a terminal string the argument givenl 
We now use the conclusion to Р 98 
(809^, Zo) е (ay, A, A), 


that this can be So if and only if he 


(90204 г) w Р 46; 
LM) = L(G) 4189. 


16.17А = (О, у, г, ий P5 — [q, Z bigo 2, 40] (40 Zo 9] 
М2 9 Zo, F) is a PDA, then construe о 20 90] bigo 2, 90] ido» “0°. 
Brammar such thay 0› ` E б. 7 [4 Zo, q9l— bigo Z, 911 141, 20:90] 
L(G) = N(A) { ; E 7 [do 20, 411— blag; 7, qol 14020 411 
© Show the proced Or с 6 7 Io. Zo, 41] bigo 2, qil Tgi Zo 4\1 
“йаМе example, "° Of converting a PDA into pui 9 (qo, A, 20) = (qo. 2) gives 


7-90 Zo, qol — A 
p, o b, Z) = (а, ZD} gives 
p! 4 Z, aol — Мае, Z, qol 14 Z: 40] 
p. 190 2, 4] > Bigg, Z, 41) fay Z dol 
10 190, 2, 41] — bigo 2, gg (аъ 4 1 ^ 


19, #0, zer) х 
ed the new symbol 5 working 48 
98е first and third elements a 
9% symbol, 3 
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Pj 440 Z, qi] Но 2, al [4\› 2, q) 
ô (dy а, 2 = (n. 2)) yields 
Pj -lgo 2, 49] > algi» Z, 9] 
Pis 440 2, 4] => а[а1, Z, qı] 
ô (q, b, Z) = (ai, 4)} gives 
Pig = 4), 2, 412 b 
ô (qi а, Zo) = {(90 Zo)} gives 
Pis – [94 Zo 49] > а (40 20 90] 
Py - [41 Zo 41] > а [o Zo 91] 
Thus, P, — Pig give the productions in P. 
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5 S aa ...а„4\4у...А„ 


ауау...аһ$Ву... By 45... A. 


to simulate this derivation, then ва 4 4)....0,5 the 
s tep in erivation, 
ain 4142. To take the next step е ion, G must 


Арэ ЬВү.. В. 
3 he construction is such that then M has a transition rule in which 
But the 


(q1,Bi-Bg) €. б(а\,Ь,А,) 
© Thus the stack now contains В|... B 42... Aj, after having read 


0.17. Prove that, for any context-free language L, there existon 1 
M such that — F: p : nA. 
L-L(M) 3 E^ simple induction principle on the number of steps in the derivation then 
Ans. Proof — If L is a A-free context-free language, there existsaqud | | 
free grammar in Greibach normal form for it. Let G = (V, T, P, S) besi 
grammar. We then construct a PDA which simulates leftmost dérivaiong y. 
this grammar. The simulation will be done in such a way, that the шро 
part of the sentential form is in the stack, while the terminal рейх — 
Sentential form matches the corresponding prefix of the input string | 


` Specifically, the PDA will be 


M= (lao. 41, 9, E, VU (Z9), 6 a 6) 
Note that the input alphabets of M are ident j 
G and that the stack alphabets contains the 


аг. 


iows that іб Sw, 
(здо) & (n. А Д) 
Using rules (i) and (iii) we have 
4 (a0, w. Zo) E (a1, % SZo) È (41, А AEG: А 2) 
ња L(G)c цм). 
| To prove that L(M)c L(G), let w € L( M). Then by definition 


t (0. w, Zo) FE (gy, А, u) 

1 from 4 
К - But there is only one way to get from qo to 4j and only one way 1 
"4r Therefore, we must have the following — 


le. 
(91,520) * (91, А, 20) : 
Now let us write w= ауауаз...а„. Then the first step in 


9 (s А, Z) = {@1, 52,)} ee 4 
move of M, the stack contains the start mo : 
Symbol Z, is а marker to allow us to oe 
he set of transition rules is such 2 


(91, u) є 5(q,, a, A), 
A> au 


üv) 
(91.ацазаз...а,,520) i& (ду, 4 20 


Must 
| MIU. the form (ii) to get 


Thi EN КИЛҮ 
i P" 41:810585...a,, Zo) H (41,2243? 
S reads in n Bu ( 18205 n»SZo So that 
In this Wb са removes the variable А from the sani "then the grammar has а rule of the form 5 > 01» 
D г. EM Ao" 
- Finally, we fen the transitions that allow the p = а. 


А 5 x 
ES $(q,, 2, ) “Peating this, Writing u) = Au, we have the following 
- 8E Minto a шг 207 (9р2 ec 
98 Minto a final state, d 20)), (,ауаз...а„, AupZo) ү (а1а3:9т-93020) 
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It implies that 4 —> ауиз is in the grammar ang that: be popped off the stack. We see from this that the sententjal 
P | ebythe4 A n (q; 44) define a sequence of possible configurations of 
yl а derived к equation (i) can be achieved. 
A NPDA by Aq) > a (4j Ва) (а; Са) might be possible for some CA 
Note that S there is no corresponding transition ofthe form equation 
м) (д Сак pem But, in that case, at least one of the variables on tlie right 
n 3 id = e А >: 
ii) y ores For all sentential forms leading to a terminal string the argument 
е 
n holds : 
E гус now apply the conclusion to 


(dos w 2) (ays А A) 
This сап бе so if and only if 


5 Š ayanusuy, 
This makes it quite clear at any point the stack contents ү. 
are identical with the unmatched part of the sententia] form, so СМ 


ы BIN 
S = аа)....а,. Ny 
In consequence, I(M) e Ц 


С), completing ће Proofif the lus 
not contain 4. y 


If A&L, we add to the constructed PDA the transition 


5 (do А Z9) = {Gp Zo)} 
so that the empty string is also accepted. 


0.18. Prove that the class of. language acc 


ж 
epted by PDA is exa (4024) => w 
of CFG hence construct PDA for the followi, E 


ng grammar — Therefore L) = L(G) Е 2 
S  aSa|bSb|a|b| € PDA —The grammar is not in GNF, therefore, first we obtain an equivalent 
What language is represented by it ? (К.СРУ, ре grammar in GNF, which is ; 


Ans. Proof — Assume that M = OET 
suggested construction to 


consisting of elements 
Obtained is such that 


© qo, Z, (qj). Wew 
get the grammar G = (E T, S, P), with T-a| 


ofthe form (4:Cq;). We will show that the gram 
for all д, 9 EQ, Ає Г, ХєГ*, u, ve S*, А 
(9 uv, AX) = (9 X) 


(944) Š u, 


S — aSA|bSB]a|b| e 
А-а 
Bob 


_ Therefore, the PDA equivalent to the given grammar is — 
E M= (ia). (a, b}, {5 4, B, & 4, $ 9 
Мше, 004, а, S) = (a, SA), (q, єў}, because of S > а SA, and S> a 
4 ĉl, b, S) = ((q,.SB), (q, €)} because of S > bSB and $— b 
(4, a, Ау= {(q, є)}, because of A > a 
9, b, B)= ((g, є)), because of B > b : 
anguage — L(G) = (w:w e set of all palindromes over (а, 5}} 


implies that 
and Vice versa, 


that, whenever the NPDA is such thal к Ó 
© removed from th ile reading и am? 
teg; to g. e stack while reading и 

s aa the variable (4:44) can derive u. This is 10 
Induction on the п i was explicitly Constructed to do this. We only! 


5 umber o “ : 
For the Converse. "Oves to make this precise. 


0 . 5 : 

» Consider a i TD T 0 hos Иза context-free language, then construct a РРА А accepting 
(8; 4 " “a single step in the derivation s^ В PY store, ie, L= N(A), : 

pag 


> 4G; B, 
nding te 41) (а; Сад) 


: " Or 
ansition for the npda "ite short note on equivalence of CFGs for PDA. 
E (aj. BC), = we o s C (R.GBE, June 2005) 
à А ^l 
it goin fioe from the stack, BC put o Ae Ans, We construct the PDA 4 b making use of productions in G. 
(CA ajsa е q; to 4j. Similarly, if e Construction ой Азел]. 95 where G = (V; T, P, S) is a context- 
St be a co | mar ~ Let L = L(G), where G = (V; : 
8 (6; a, 4) war ng transition © Construct a PDA А as follows 


4j, Ауу 


А = (igh X, ИОТ буф, SA 
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{ 10^, BB), the PDA may. halt for a di 
fier entering (9 10°, BB), y. halt for a different 
Note that pnl for example, (g, 10“, BB) (q, 104, 0B) +- (4; 10%, 
em a 1, 0) is the empty set, the PDA halts. ; 
As 6” 


0) 
| NUMERICAL PROBLEMS | 


1 prob.17- Consider a PDAA such that — 
A-7(0,25 1445, Zo P) 
0= fap а}, Z= fa, b, T= (a, Zp), F = $, 


поа ion (V-Sem., IT-Branch, 
ўа "тива of Computation (зет, | апо ) 
: j the following rules- eges 
R б(д 5 4= (a2) | A > diio. 
R,- o@ a, a= (a, А} for every q ny 
The construction can be explained as follows. 5 
The pushdown symbols in A are variables and: termin, | 
reads a variable A on the top of the stack, it makes a A-moye b V, 
RHS. of any A-production (after erasing A). If the PDA read; 4 | Dl 
the top of the stack and if it matches with the current input зушы d 
PDA erases a. The PDA halts in othercases. `` bol, ty 
If weL(G) is obtained by a leftmost derivation 
S> uda > quoad, > sima, 
then А can empty the stack on application of input string w. The fiy s, 
ais by a 4-move corresponding to 5 — 114,0. The PDA erases pr 
14,0. Then using Ку, the PDA erases the symbols in иу by proces; 
prefix of w. Now, the topmost symbol in the stack is Aj. Once agi 
applying the 4-move corresponding to Aj > uA, а, the PDA еп. 8 (q p A, Zo) = ар, 0} 
c пула) above 9. Proceeding in this way, the PDA empties the 3 Sol. The given PDA is defined as follows — 
Ec the entire string w. Let us take an example. A= (10011), {2,5}, (a, Zo} 6,40. Zo. 9), where dis given by — 
7 Construct a PDA А equivalent to th ; E » 
110. Test whether 0104 is in NA. "allowing CTO zE A ^ d К] – 5(40,а,20) = ((40,420)) 
Now, we define PDA A as follows — Ry — 5(q0,4,4) = {(Go; аа)} 
А = (6), {0, 1}, {S, B, 0, 1}, б, а, S, 0 Еу — &(ao,b,a) = (44, A} 
" Ка – б(ау,Ь,а) = (ay, A} 
Rs — Gy, АД) = (a, 2) 


515 defined by the following rules — 
R -8 ; 
1796,25 {(q, OBB) 7 
ma 8 @ 4, B)= {(а, 05), @ 15), @ 0} [ iw used to store a in the stack if it is the first symbol of an input sting. 
35 6(g, 0, 0) = Ka, 2)} We ud "M iie used repeatedly to store a" in the stack. When b is encountered for 
1 i in the input string, a is erased (in the stack) using Rs: Also, the 
55 a transition to state q}. After processing the entire input string, if 


R,-6 
4-6(,1,1) = 
: q, А 
t us test Whether 0104 is in NA )) £0 'émaing i. 1 - 
) or not. Ёш = gnpn 2 stack, it can be erased using the null move given by Rs. So, 

1 > then we have 


; 0104. wae 
f 0-3) — (s, 0104, овву e 


where ĝis definëd 


st here 
nd ĝis given by А 

: 5 (4029, 20) Е {0 aZ] 
5 (qo, а, а) =o, a2) 
8 (qo, b. D= Kay A) 
5 (qp, b, а) = {41 A) 


by rule R 
1 
к (4, 104, BB)  byrul Н | ( "em a aA 
H (a, 104 dinis: jut do.a"b",Z,) ё (go,b",a"Zo) DY applying Ry and К 
H (s, 04 ы by rule Ra, since (g 19.4 © (Qp A Z) <- by applying Rs and Ry 
E (s, o 9. by rule Ry Theres + (41.4. 4 by applying Rs 
98 "i в, һи гше R, i E t, 9re, a"b"eN(A). ў > 
0288 i П mp, "en : : 

Ё. (9, д, 2 A De Rp, since (4; b | By Only i then (qo, и, 20) È (д А А) (Note. that he sack к si 
0104 = y, by rule R3 t make n 4 is in state qj). Also, и Should start with d. Otherwise, we 

(4) ПУ move, We store the symbola in the stack if the current input 
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symbol is а and the topmost в EE Stack is 
bol b, the PDA erases the sym! 01 a in the sta, 


гоа б ó (Qo 0, 20)= (4); Х Zy) 
inp Ajonly by the application of R;. The PDA ee As 


Х} = (4,6) 

ID (qj, 4. 00m " - 6p © 

Z,) only by erasing the a’s in the stack. This is possible only wh ten, 8(qp b SH Gp є) 

of b’s is equal to number of a’s, and so u = апт, Thus, we hay MM 8 (qo, 0, X77 (aj, XX) 
NA)= fa"b"|nz1y — y 866p b B= yp © 


Now, let B= (Q', {a,b}, T" ‚бв, 90 Zo F) 
where Q'= {90,90 M97} 
F'= ph = {a,b, Z6} 
and dp is defined by — 
бв(а б, 426) = ((49.ZoZ0)) 
5в(90,9,20) = {(40,а20)} 
53(90,4,4) = ((g9,aa)) 
8p(q9,5,a) = {(а\, А)} 
5в(а1.Б,а) = {(1, A)} 
95(4.4,29) = ((q1, A) 
б$в(4о› 2,279) = {(9 у,®} Р 
55(4,4,2)) = ((у,2)) ade. n 
: ЦВ) =N) = (a^b"inz1) We 


Sp © Zy = (ap € et 
. (R.GPY, June 2007) 
Sol. Let G= (6 (0, 13, P, S). Veit 
where V consists of S, [go> Zo» doh [20 20 41] 140 ғ, 90] [Zo % 4] 
E qol. [41> 20 qıl [a1 х, qol. [gi х, Fes euer ao AD oak 
The productions are — { 
Pi -S > [40› 2р 90] 
» Ра [40 Zo а] ; 
ô (do 0, 20) = {@o; х20)) yields 
P35 140, 20 qol PEE 040 х, 90] ldo Zo 9] А 
P4 – [do Zo 90] > 0190 x. 91141, Zo 901]: Н 
Ps – [do Zo 91] > Olgo x. 49] 140, Zo. 4] 
Ps — [Go Zo 91] —> 0 140% 41114: Zo 41] 
ô (do 0, х) = {do хх)} gives 
7 — 40% 40] > 0 [40 * 4] lgo 2 40] 
8 — [90 x. gg]. > 0140 x; 94] [a+ * 9] 
9 — igo x, qj] > 0140 x. 40] [go i] | 
10 — [90 x, 4] > 0140 x, а] [4% 4i] 


^u 


Thus. 


05.18. Gi; ^" 
Give q Srammar for the language N(M) where = 


© f а, 
E dp: M= (qu, qj (0, 1), & 2) ae t is 


ô (Ap 0, Z ) 
80 de Ex fao, xZ “Э © (90 1,х) = (041, A)} gives 
хе qo, x x)? Pii- [q х, 
6 ( : A 0: ox g] 1 ; 
^q, ^ Mes + OG sx) = (4) 2) gives 
06 2775 (ар, 9 Bs, a : 
е е) р, су ? a nl. go : 
Ip є, Z) = ба ©)} 91 Ах) = CIE A)) gives 


Bw | B 
parh” 13 14}, xq] A 

: Р 8 (q, A, 20) = {6а А) gives 
Pi. 14 " la, Zo» qı] ә 4 р 

14 Blve the productions in P. Hence, Gis the requi 


ing PDA_.. ous 


M= red grammar. 
(Gos ay}, {0, 1}, i X a Е 
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Prob.19. Find а context-free grammar that 
d by the NPDA — : 
M (fap Wh ® bh {% Z}, & do Z, fay 
with transitions — — . 
ô (do % 2) = (p AZ) 

Up b, A) = (ар AA) 

б @у а, А) = {Gp 4} 

Ог 
Obtain CFG for the PDA given as below — 

A= (йе 41, (0, D, (A, Z}, 6 Z, #10) 
where ĝis as given below — 

5 (40, 0, Z) = (Qo AZ) 

ô (qo 1, A) = (qo, AA) 

ô (qo 0, A) = (qs, ©) 


generar, 3 
erates 
accepte ya the (7 


(R.GBV, June tl 
Sol. Let, G= (Vy, (a, b), P, S) 
ow Vy consists of S, 19 
‚4, 
4р 4, qo], [д A, 9], [a 2, Ql. la; Za]. З 
The productions are à 
P782 [as Z, qq] 
К P -S> 19, 
Lo en а, Z) — {(qq, AZ) yields 
З o2 Gol =a ay, 4 ас]. [ду Шад 


А, 4] [4о› 4, aol 

(90 A, 41] 14), 4, 90] 

ao. А, qu] [ао А, 41] 
49 а, A) єз. (9, 4, 411 (4, 4, ql 

117 (4, A, "M 41. А)} gives 

12 7 [gy 4 е 


A, qo]. [40 A. 91], [90 Z, dob lt 


 Temaini 


^ Untv 383 
ruct a PDA accépting fa"b"a"\m, p) By nill store 


‚20. Const ding context-free grammar accpeting the суў 

‘pro үле correspo” ing T accpeting the same sei 
sire Or ^ 

| or L = (0^ I'm, n 2 1), (R.GBV, Jy, j 
pesigh DPDA fe Or MCN e 
Construct a PDA accepting {a"b™a" | m, n 2 1) by empty store. 

R.GPY, June 2006) 
| - Or и 
* sign PDA to accept the language L(G) = (a"b"a"/m, пә1}. 


(В.СРУ, Dec. 2016) 


` soL The PDA А accepting (a"b"a"| m, n > 1) is defined as follows — 


A= (149. 44). (a. b}, {a, 20), 6 4 Zo. A 


where dis given by 


Ri = 5440 а, Zo) = (а 429) 


К – ô (qo a, a)= (ao. aa)} 
R3 — б (аб, b, a) = 4091. а)} 
Ry- (1, b, a) = (91, a) 
Rs- lq a, a) = (а, 2) 


lk Re Е ô (qi. 2, Zo) = (ai A} 
We start Storing a's until one 5 occurs (rules R, and Ry). When the 


it ^ 
(Ше К). Once all the Б” in the input string are exhausted (using rule R,), the 


"rent input symbol is b, the state changes, but no change in the stack occurs | 


UAE a’s are erased (rule Rs). Zp is erased using tule Rg- So 
" (90, аттап, 7) р (9, A 2) Har 4 

1 Means that аттат c МА). We can show that 
МА) = {a"b™a" |m, n 2 1} 


by, Р, 8), where V consists of 


Zy dob (4v Zo qı} 


grammar С = (P, (a, 


41]. (90 a, ‚а, qil 192 
Ia, i 1l [go а, 90] [40 qeu 


© Product; H 
uctions in P are constructed as follows — 


PL -S > [40 Zo qol 
8 P, -S =<? [40 20 а] 
(o, а, Zo) = (qq, а2)} induces 


р. 
le. 25, 40] > alan; а, qol ldo- Zo 4) 


I~ 
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pe [20: Zy qol FA [40 а, a] [qj Zò 49l 
P- lap 20 412 [ao 4: Gol 190 2,4] 


D 


P- dae Zo nl aldo а, 4\1 191. Zo, qj] 


ô (do а, а) = {o> аа)} yields 
Pi- [49 a, qol — а [40 à. 90] [go а, 9] 
рр- [go 2 Gol а 190 4 911 141, а, до] 


Py- 140% 4] а 140, а, aol la а, di] ^ 


Pip Мо % 411 algo: а. 91) [dj а, д] 
ó (qo. b, a) = 4641, а)} yields ` 
Pa- Ио 9. qo] > b 14), а, 90] 
P2- Мо 2 4] b 14) а, 91] 
ô (qı; b, а) = {(41, а)) gives 
Pis- (дь а, gol bli. а, Чо] 
Pia- [aped biq; a, qıl ' 
ô (qi; a, a)= (41, A} gives _ 
Pis- [gp a, qa 
8 (di> 4, Zo) = (1. A)] yields 
Pis- la. 2), 911» А 


grammar. 


b.21. Construct the CFG corresponding to. PDA 


lly a Z) = (а aZ,) 
: ô (Gp a, a) = @ aa) 

ô (ap b, a) = @ь а) 
By b, a) = (aj, а) 
po а) = (4 A) 

Qp А Z) = (0 
“Sol, Refer to at 4 


Prob. ' 
05.22. Convert the following PDA into CFG — 


: Mere Öis defined 45 follows — 
| 04, 1,2, 


ye 
Aor уы Р ee 


‚х) = СА x9? 


M 


P, — Pig give the productions іп P. Hence, С is the regu 


A= (fas, qj), (a, b), fa, Zo, 84 Zp @ and à is given Y 


M= (fq, ar (0; 1), Zo X)» ĝ 4p d 
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ó (40 0, x) = {ap х)} 
ó (01: 1x7 fap є)} 
бар % 20) = (Чә 20) 
p © Zy)= (а e) 
(R.GPV., June 2003, Dec. 2003, June 2004, 2009) 
Or 
uivalent to the following PDA — 
M= (49, 45» (0, 1), Zi, X à do 25,0 


Give CFG eq 


«g is given by } 
е 8 lags D Z = Go» XZ) 
49 © Z)- (ау, © 
5 (4o; 1, X) = (ду, ХХ) 
8 (а, 1, Х) = (йу, ©) 
б (40› 0, X) = (а, Х) 
ô (а 0, Zo = Qo 20) VE Da: dnte 
Sol. Let G = (У, (0, 1, P, 5) 
- where V consists of S, [40 Zo. dol. [40> Zo: qıl; Io 5 qol. [do % [ANUS 
JE. 290.00, 20.41), 14 2 gob (4р ? 4]. 
The productions are — 
P, -S |40 2 9] 
P,-S [ду 25 4\1 A 
ó (qo. 1, 20) = {(90 х2у)} yields 
Ps -Ilo Zy qo] — Mag. do] lo Zo 40] 
Р, —[а Zo qol > ао % dil 14 Zy 401 


Ps — [dos Zy ау1—> 1 140 ®© dol He Zy t 
Ps — [go Zo #1 Hgo 5 qi (8 Zo 1 
5 (qo, 1, x) = {o ХУ} 88S 
x, qol 


Pi- [go х, d] > Hgo % dol Мо 
P; - [40 х, 40] > Hgo % qi 95 
Ро [qo x, qi] > Hgo 5 qol Мо * 
Pio — [4 x, q,] > Hgo qi iav 

8 (qs, 0, x) = (0400 Yields 
Py - [do x, qo] ^ Udy 5 aol 


qol 
а] 
qj 
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Po- [4% 4] > O[g;, *q.. 


4 7 Олй] 
ô (qd, 1, x) = ((8,. €)) gives К MES 1 е, the PDA equivalent to the grammar is =- ; 
57 Ї@ь› 2121 ОШ, (gh (e P» GAB. 5,5, 9 
M- (9 
8 (9 0, Zo) = (090 2,)} gives saa 9 7 (@ SA), (4, €)}, because of S- a$4, and 5- 
zu -= [9 Zo 4] > 0 [40 Zo qo] i “wheres svt 9- = (q, SB), ww of S — bSB 


Pis - [9 4 0› qı] > 0[4 2, 4]. 
5 (do, €, Zo) = {Cdo €)) gives _ vi А 
16 4 Zo %] > € US'S SS SACRE 


d b, B) = {(4, €)}, because of B 5 b 


prob. 26. Design PDA corresponding to given CFG 
ü 


P, — P give the productions in P. Hence, G is the required cp S — aSa 
Prob.23. Convert the PDA — | Ц S > bSb 
P= (fp, 4}, {0, 1), 5, Zo, & а, 2) sc 


4 (RGB, Nov. 20i 
| Sol, The grammar is not in GNF. Hence, first we getan equivalent gramm 
‚п GNF, which is 

f S — aSA | bSB | c 


to a CFG if óis given by— 
5 (4, 1, Zp) = (а, xZy) 
ô (4, 1, x) = (0 хх)} 
5 (4, 0, х) = fp, ху} 


9e & 2) = fq, o} Ada 
ё(Ф,1,х) = р, ej) га B> b | hd 
ô p, 0, Z9) = (9, Zp} on + ibis. b. Hence, the PDA equivalent to the grammar is 
GPV, Dec. ih M= ({q}, (a, b, c), {S, А, В}, б, а, 5, A 
Sol. Refer to Prob.22. © Se where, 


5(q, a, S) = {(4, SA)), because of S — а54 
‚ (a, b, S) = ((q, SB)), because of S э BSB 
ô (q, a, A) = {(g, €)), because of 42 a = 


Note — Replace do by 4 and q; by p. ` 


Prob.24, For the: T | 
given CF construct PDA that accepts 
guage they generate — G Struc. а Р 3 


p. S Sa|aSa|aaS Wy: E Gpy, De ' 9, b, B) = ((q, є)}, because of B э b 
S Ih ‚ w oq, se of SC 
бї e PDA 4 = (« ia). (a), {5}, б, q, 8, ў | : (4, c, S) = {(q, є)}, Бесаш pid 
o Ais defined as fo ollows — Bo isi -27. Construct a PDA equivalent to 
E R-S x 
i. mi А, rig (a, Saa), (q, аба), (aas) ENS 
^ 4 a) = ((g, луу : 
Prob, 25. р, . i В 05 | 1510 GPK, June 2006) 
id PDA Corresponding to given | CFG- К 212 wo Te Whether 010000 is in N (PDA). (R 
> bSb, § >a ч (P. GF: v q пыр, 


Or 
the foll 
te ап ee Ine a PDA ? Construct a PDA equivalent cue "on is in МА). 


- petia GNE. Hence, first we getan йү whel 
"mar S > OBB, B — 0S |1510 TNS C py рес 2017) 


8 aSdlbspia 
4-а 


Soy, 
RESO "^ PDA — Refer to Q.2. 


c Unit-IV. 18g 
uired PDA : can be.defined as follows: 
gor The A = ({4}, (a, D), (5, A, B, a, h Basa 
3 the eps rules — 
pert» б е Eri A, S) = ((q; aB), (q, bA)} 
| " — á(q, A, A) = (айа), (4, aS), (q, b44)) 
E — 5 (4, A, B) = {@ D), @ bS), (q, гв) 
-ó(q а, а a= {@ A} к 
E – 5(а, b, b) = (4, 4) 
epted by grammar is 
| P ene He = {we (a, b}*| n w) = nw} 
Let us see the sequence of moves in processing the string баай ` 
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PDA А equivalent to the context free grammar me 
A= ({4}, (0, 1); DM ^. 
dis defined А the following rules — 
- ô (q, A, 5) = ((q, 0BB)) 
" 6 (q, A, B) = {@, 05), (4, 15), (o. D 
-4(g, 0, 0) = ((q, A)} 
к. ôa, 1,1) = {(4, А)} 
(q, 010000, 5) |— (9, 010000, OBB) 
|— (4, 10000, BB) 
I— (9, 10000, 15В) baal 
Since (p Ie qul 


(9, baabyS) + (q; baab, bA) М by rale R, 

į @, 0000, SB) ул о (q, aab, А) by rule R 

— (9, 0000, 0ВВВ) ул і (q, aab, aS) : by rule R, 

I— (9, 000, BBB) буп L- (q, ab, S) by rule R, 

= (q, 000, 000) буп} L- (9, ab, aB) by rule А; 
Since (g, 0) є 201 L- (g, b, B) by mle R, 

Р (4, A, A) fen | har е IgE X 

Thus, 010000 є N (PDA). " ON AA уте 8; 


Prob.28, Construct the PDA equivalent to.the following Ww 
S — aAA EM oi "hi . E Hence, A is the required PDA. 


A+ aS|bS\a i E s 
oe 2003, Dec. 2006, June 2009, | 201 0, Dec и 3 705.30. Convert the following C.EG into PD. 
: S — aS|aA 


L Refer to Prob.27, 
Ta Here, replace q by 0, Aby В and b by 1. pins мр 


Thus, baab ЄМ, (A) 


EGEK, June 2008) 


= required PDA 4 can be defined as ; follows = mu 


us A = ((q), (a; bh (5.4, ® bh 6545 9 
PS i > > 
: Mas enn : РУ, Junt м 2i ы by the following rules — : 
: 7 b|bs | aBB. (RS. GR» nr iere a A 
"ner the CFG into PDA _ к ~8@, A, A)» ((g, 20) 6.0) 
SaB] 54 E : ~ 8g, a, a) = få, A} 
E | : d 
A+y 4|aS|b 4 4 yf E let US See e s eae ч А oe FS pm RE 


E 
B > bbSjaBg s parh” 
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а. тшер 
F- (9, abb, S) by meg c 

l- (g, abb, a4) by rijs 

E (6. bb, A) by rule M 

‚ F (q, bb, bA) by nile Ry, 

Г (a, b, 4) byrule R, ' 

FG b, b) byle R о 

F@ A, A) by nie Ry >. 


Ri 


Thus aabb eN(A) А 
Hence, A is the required PDA. 
Prob.31. Construct PDA for the 


i 


following gramma; — 
SAB Е тш 
A>CD 
Bob 
C >a 
D >a ceu 

` ` (R. GP, Dee. ЇЇ E " 
in ate e i, s is not in GNF, first we obtain an equivalent giana 


S > aDB 
А-›ар 
Bop E 
Coa 
Dog 
erefore, the PDA equivalent to the given Mimma is- 
p = (00), {a,b}, ts. 4, BUC, D, a,b), 5,0,5,0) 
R 1~@ A, бу KCA aDBy 
jm @ A, A) = (0, аруу 
x (л, B) = s, by 
x =Q, A, Cs (6. P 
X A Deae ау) 
x (9а, a) = ((g, лу 
T= (9, b, b) (s, A) 


АТИ 
2. consider. the grammar ° | 
у, anad. x ТА 
A > аАВС |В|а 
Bb. 
coc Ы , М 
4 PDA corresponding to this grammar. Also provide moves 
E Construct the leftmost derivation for any string in the language defined 
fh y apa i b. (&. GP, Dec. 2015) 
py the 8 re 


The given grammar is already in Greibach normal form. In addition: 
sol y : 


m 
MS ыл) (s. 52) 


fa 9942-2). 


т f he PDA will also have transition rules 


5(4 а, S) = (a, 4) dro. 
9 (4 а, A)= (G4. АВС), (a; A}. 
ô (q, b, A)= {(q,, B) 
ô (ai b, B)= ((q, A} 
9(4,. c, O= {la 2) : 
‘The sequence of moves made ‘by M in processing aaabe is 
(90 aaabe, 27) 


I— (91, aaabe, S a Do. i 
| (91, aabc, AZ) у Я 

I— (g; abc, ABCZ) ``. з 
I— (91, ёс, BCZ) 5 
Е— (9), с, CZ) 
T4942 

i (ay. 4, Z) : 

derivation 

S — a4 

S — aaABC 

S — aaaBC 

S — aaabc 

S >> aaabc 


i 
5 corresponds to the 


егп. !-Sranch) 
f Computation ( v-oel., 
heory о! 
192 TI 


ct an NPDA corresponding to ti 
Constru 
Prob.33. 


ВВ/а, 
АА, A > aB] 
aABB/a. 

S 


ired NPDA А can be defined as follow, 
Sol. The required pera p б 


where i les — 
ĝis- defined by the following Tu 
her 


ô (q, A, 5) = {(9, aABB), (q, aAA)y 
Ку – ó(q, 


(а, а): 
‚ 4) = (09, aBB), 
EU it т B) = {(д, bBB), (а, 4)) 
* Ў 6 (а, а, a) = {(а, Л)} 
^d 5(a, b, 5) = ((q, A} 
% 


i tri 
us see. i Ocessing the st 
et equence of moves in pr 
thes 
» 


abaaa, S) — (q, aabaaa, aABB) 

e + (9, abaaa, ABB) 
(9; abaaa, ane) 
(9, baaa, BB) . 
(4, baaa, bBB): 
(4, aaa, BBB) | 
(9, aaa, ABB) 

~ (q, aaa, aBB) 

~ (ду aa, BB): 

+ (9, aa, AB): 

+ (q, aa, aB) 

Е. (4, а, B) 

к (4, a, A4) 

к @,a, a) 

к (9, A, A) 
Thus, 


T EC 


T 


1 


аађааа є М, (A), 
Hence, 


Ais the required NPDA, 


he pr 


Bram, L 
B > bpp, ; 


(R;Gpy, 


S= 


абу 


Пр aabain, 


1 
in the ce 
i the tape ! 

| G A new symbol to be written on 

ЩЫ head, 


the tape, 
i 4 along 

(ii) А motion of the read/write hea 

4 ЫШ " 


ical m omputation. 
7 odel of comp: 

7 achine asa mathemati 1 а ; ) 
lain turing т 

0.1. Exp 


md del. (R.GPV., June 2015) 
t of turing machine mo 
in the concep 
Explain ti 


eral 
ical model of a gen z 
А ematical пи 3 
Ans, Turing machine say that, the turing - capable of pum 
Purpose computer. We ^ 3 e., turing machine ie cà machine. 

uter, i.e., со! Ri nected 
By of the "e d be performed by any finite-state automaton connected 
“lculation whic! Le Бен м за store su 
З Turing machine es d. It has a tape foi kant pci ud 
(айт) es Each cell can store o effected by thi rd t 
0 number € sie аюв а examines the pre 

the К 
4 Which cane one cell at a time. 
C; 


‘toa 
‘divided int 
"Nd the оц 


F 


und resent 
ег move and the рі 
he love 
Stat d/w. ape, in one 
| t rite head on the tape, 
| теа 
“State of 


the 
l under 
ап automaton to determine — 


which may be 


TET 


пе Cell left 


(L) or one cell right (R). 
(i) The 


ton. 
next state of the automa hine: 
t. ing machine: 
(iv) Whether to halt or no ization of a turing та! 
Fig, 5.1 Shows an intuitive visualization í 
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„-@А finite state automaton is described by.a 5-tuple 
„Di ference a turing machine has a 7-tuple, viz, (0, £ Г, & 4 B; F): 

An А a automaton has only read head, while a turing machine has 
nil : 


Reni Witte (DA fi 
Hea шт pad -0 The turing machine can be thought of as a finite state 
Ad jmilarities — head. 
Finite State a simil connected to a R/W чар. аа а agg cnet 
Automaton omaton h have a finite control, an input tape that is divided into cells, 
ki Gi) Bot ne cell of the tape at a time. 


-atape head that scans О 2 | 
T 4, Explain TM and its parameter. 
A Refer to Q.1 and Q2. M T 
[ ing machine models the computing capacity of a general 
Ee rol Justify with complete example. (R.GBE, June 2010) 
| Pon 5.2 shows the situation before and after the move caused by 


Fig. 5.1 Turing Machine Model (В, GRE, June 2011) 


0.2. Give definition of a turing machine, 
Ans. More clearly, a turing machine M is defined as— ` 
M= (Q,Z,1,6,q9,B,F), 
where ` 
Q is the set of internal states 
Zis the set of input alphabet 
T'is a finite set of symbol known as tape alphabet 
ĉis the transition function 
B є Tisa special symbol called blank 
qo € Q is the initial state 


| on 
| the transifi (do,a) = („Ь, R). ў 
We сап consider а turing machine as а rather simple ara = rs 
" processing unit, which has a finite memory, and in its ieu it bs 3 sei Ge, 

storage of unlimited capacity. The instructions that such a oem inde 
f oring machine) can carry out are very limited, it can sense a cam iid 

Iff "cand use the result to take decision what to do next. ie sx o 
machine can perform are to rewrite the current symbol, 105 i set тау 
| le control, and to move the read-write head. This small em io: Turing 
lok inadequate for doing complicated things, but this pas 8 define 

Machines are much powerful in principle. The transition ааб 
ШШЩ Computer acts, and we often call it the “program 


5:0х 
Ш general бів а E x. 9 x A tL, E А рие Internal State 49 Internal State 41 
Principle by wir. Partial function on О X Г; Its interpretation # 
A AM Which а turing machine operate. The arguments of 5a" npa 
eus ina е ОГ unit and the current tape symbol he the Move 
os one ang жы, %. The ni uni did w (а) Before the Move @ Afer 
ead-write head moves left or ар n | Шел 1 initial state having some 


steps controlled 


_ Ag Н iver 
| Morn, always, the automaton starts in the 8" quence of 


" à se ll on 
0.3. Give sini, 5 ур tion on the a оез through 4 ontents of any cel 
State automat, milarities ang differences of turing machines V^ is transition ш, e "During this process he p it need. Eventually, 
(R GPV. tape may be бе к К ү changed as many pere a turing machine by 
merentiate the p Ба те пан Process shay ерида which we e in halt state, whenever 
ur, 7 iti > shine is sail E : 
Mlomata/pushdown е ^f the study of turing теё, M0 а halt state, A Turing machine i5$ 
(R. GP, 
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formed by aj] 


Ў і hich Sis not defin aa | ү 
jt reaches a configuration for w i ed, this ig 5 ag aris thé sübstring of the ; : 
бїз a partial function. In fact, we will assume that по © S possi the string g inputstrin 
pes Sever it аа m m f turing machine is shown in fig. 5.4 and the Corresponding 
Np in fig. 5:5: 
"ven in fig- 
: s is 
Consider the turing machine defined by — 
Q= {90,91} 
T= {a,b,B} 
F= {4} 


196 Th 
PRA angit, È Мы gt sin 2 е left of a: 
for any final state, so the turing machine will halt wh ns | ip” pols to the 
snapshot о 
Let us take an example — 
Z- {a,b} 
and $90,а) = (40,0, R) 


Fig. 5.4 Snapshot of Turing Machine 


Ó(qo.b) = (90,5, R) 240,050 1505 аз а аа, 
ó(qo, B) = (91.В,1) 4 Left Sequence Righ 
If this turing machine is started in state qo With the input symb : IO 
under the read-write head, the applicable transition rule is 5 (доа) al 1 yo шалың 
jal [1 ate rite Неа 


R). So, the read-write head will replace the a wit i 1 

tape. The machine will still mid state qo. yee ас. mid | Fig. 5.5 Representation of ID : 

xoc n с not be modified. When the machine finds i M Ж a M. x) indices a change на шешш machine 

Mii disequence of eis ү cell, then half in final State qj. Fei 4 EA dn à РА еа a move. р sie aaa аыр 

ШШ ашай s and several stages of the Process for asi quo ўа ig € — Suppose 5 (9, x;) = (p, у, L). The input string 

D . ч 1 *2 =- х, and the present symbol under R/W head is x; So the 
| D before Processing x, is 


: XyX us. X; 1 Gp X, 
fier processing of хь the resulting ID is 
T 1х0)... Xi 2PX 1X j44 -— X» 
5 change in ID is represented. by 


i Fig. 5.3 A Sequence of Moves 
б. Explain rej 


ples. Presentation of turing machines "with the rede id Hy XQ seep p 4Xj e XQ | 02 -- Xj 2 Pär- Ee pne 
1 @ x) = (©, у, R), then the change of ID is represented by 
Xy. 


SED LLM E LIP Le 
ca d ; ion among 
n denote an ID by J; for some. 1 } defines а relation г 


S So th is 
ley “symbol f denotes the reflexive-transitive c 
* ро... E- 4, for some IDs, 


Hs. We : 
А а a turing machine using — (i) шїї : 
Ve-relations, (ii) Transition table, and (iii) ТР ' 


T E 


losure of the relation 


108 3 


Жы 


Us 
n-|. 


Ln then we can split this ав. H з 


[оь 

E Not is very much useful to 
| еер, he that the description of moves, by IDs is very mu 

E Processing of input strings. 


) is a string обу, where Bis the] "oM a The definition of 2 can 3 
(E Say a, under Ry Split аз оу, the first symbol of 73 j ven in th zresentation by Transition Table ш = 
W head € w,, Ne fory tion table. 4 ? 
and y has all the subsequent 5. Write т of a table called the trans! get apy in the fables it 


Under a-column and q-row. So if we 
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ritten in the current cell, В gives Movement | 
0 


e in the transition system can. be represented by-a-5-tuple 


means that VÉ state into which the turi, the : dg 
e new In „гү € ; 4. Я n 
8 Machin МЫ | pyery у So each turing machine can be described by the sequence of 


R) and у denotes à hi ine en 
ider a turing machine wi ; qp Н аа Б 
For example, consider g With five States 7" 4 И onting all the directed edges. The initial state is indicated by => 


q, isthe initial state and 45 is the final state. The tape Symbols ar) ^ hyf ыб al state is marked with circle. 
The transition table given in table 5.1 describes & -~ 2. MD m any fit a turing machine represented by the transition System is 


4 рог examP le, 
Present Tape Symbol 
State 


07. Explain ID of a turing machine. (В.СРИ, June 2016) 


Ans, Refer to Q.6. 
8. Give the basic guidelines for designing a turing machine. Also 


| m in fig. 5:6: 
Pe Terr 


medi To 
Ẹ give an example. б 
А | r 
Write brief note on design of TM. j (R.GP.E, Dec. 2009) 


Ans. The basic guidelines for designing a turing machine are as follows— 

j (i) The fundamental objective in scanning a symbol by R/W head 

[ris to ‘know’ what to do in the future. The machine must remember the past 
symbols scanned. The turing machine can remember this by going to the next 

"unique state. 

Я (i) The number of states must be minimized. This сап be achieved 

by changing the states only when there is a change in the written symbol or 

When there is a change in the movement of R/W head. We explain the design 

Moya simple example. 

4 Ме design a turing machine to recognize all strings consisting of even 

Amber of рз. 

The construction is made by defining moves in the following manner — 
(0 а is the initial state. M enters state ду on reading 1 and writes R 
Gi) If Mis in state gy and reads 1, it enters q1 and writes В. 

Gil) q; is the only accepting state. ы 
accepts a string if it exhausts all input symbols and finally in state 
Olically, 
Bis aon, 7 Ce а), (1, 0, B) 3 В (P 
lined by the table 5.2. 


Table 5.2 Transition Table 


Present State 


— 


of the form (a, Д 7), where а, BeT and ye(L, R}. When there is a diet 


, fü from ао q; with label (a, g, 7), it means that f 
б(4ь о) = (4, BY = 


Where 


D (0,0, 1) 


j Fig. 5.6 n 2: » 
During iie uc ransition Diagram of a Turing Machine. 
ters q, and RW head an" of an input string, suppose the A 9 
Bo с; 2 

Written in the ce] u Nen (Present) symbol a. As а 1681 hr 


| І 
© right, depending on ре dd head. The R/W head moves! 
CPC the New state is 
4; Ў 


qa 
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obtain the sequence of moves for string п, 


Let us ` — n the tape, with blanks filling out the un 3 
і BBqy. Аз di is the final state, 11 Is accepted. 1111 La um yi asring” d te initial state qo with the жү кыр. 
L- BBBg;. M halts in state q, and q is not an accepting state k № 3 machine 155 bol of w. If, after a sequence of moves, ће turing machine 
not accepted by M. : “Thy i “ a ape pm halts, then w is considered to be accepted. 
0.9. What is turing-computable function ? Define Té сй. NUI m we can say that — 
(ару ец a (B Z,I,6,qo, B.F) іза turing machine. Then the language 


Ans. A function f with domain D is said to be turin оош. hj 3 


i i i {йе Мус bles; дей by is 3 í 
computable if there exists some turing machine M = (0, PENA Г a рі €— +: gow 4j for some qj € Fx, x, eT*)- 
such that vda q 


i nition indicates that the input w is written on the tape 

n м Ы T pes T n на it. The reason for excluding blanks from the input 
p^ — clear, i.e., it assures us that all the input restricted to a well- 
a erences of the tape, bracketed by blanks on the right and left side. 
Without this convention, the machine could not limit the region in which it 
"iust look for the input, no matter how many blanks it saw, it could never be 
sure that there was not some non-blank input somewhere else on the tape. 

The definition tells us what must happen when w € L( M). Itsays nothing 
ош the outcome for any other input. When w is not in L(M). one oftwo 
things can happen, i.e., the machine can halt in a non-final state or it can с 
ап infinite loop and never halt. Any string for which M does not halt is by 
definition not in L(M). 

Types of Turing Machine — Refer to Q.23. 


for all w єр, 

The class of recursive functions include the class of primitive reg 
functions. 

Let g(a}, ау,.........- за) be a total function over N. g is regular по 
there exists some natural number bg such that g(a}, ap, 
all values aj, a5,..........., ay in N. 

For instance, g(a, b) = min(a, b) is a regular function since g(a, +! 
for all a in N. But f (a, b) = |a — b| is not regular since f(a, Б) = 0 only wta 
=, and so we cannot find a fixed b such that Да, b) = 0 for all ainil 


A function Дау, a»,.......... ›а„) over N is defined from a.total fmi 
BA, а),.........., а,, b) by minimization if — 


jw b 


© flay, ay аһ) is the least value of all b’s sub crating device: 
‚ а2,...... IE F „IL. x 4 hine can be used as ge | 
01.0)... j^ е 5) = 0 if it exists. The least value is denoted by D. 0.1. Explain how turing machin (R.GBV,, June 2009). 

UT » âm b) = 0) 09 Я Р i E SESS 

ii | i i device, generating strinzs 

agg { A i yi Ans. Turing machine can be used as a generating dev" ix 

(а), E n eem 4, is undefined if there is no ^* бег some alphabet, in addition to using it as a recognizer of langue" = 

Tt is noted dint рони / “mputer of integer functions. A turing machine can be used as gener 

енор: at, fis partial. But, if g is regular then f is total. ци! "5 as follows — зы 

:. finite emm e И сап be obtained from the initial D ‘ont! > Considera turing machine with multiple tapes. per ips omen 
.- regular ааба PPlications of composition, recursion and minimi! pis °Шрщ tape, which has the special property, that UMEN. ves to left. ff 
3555 A function is pac e wi Ît cannot be changed, and tape head for this tap? ken reat it writes 
< functions бул үш Tecursive if it can be obtained from itll ja ме of this turing machine are designed in such rat кир 
‘Minimization, number of applications of composition, /е “ting over some alphabet Z on its output pt write on its output 
0.10. бї ea e Then set of all those strings that it can id by it, Therefore, 

ern defi i у een pair of #s constitutes the language ene P E c Afas— 
H accept ? Types ‘nition of a turing machine. What type of! je E. ee io es » ed by the turing machine Mas 

A of turing machine, (e. GF ^O Q define the language generated by йу written on the output tape 
тена = Refer to Q2 NN 5 {wlw is in 2*, and w is eventi? di machine with following 
Type of Language cN Pair of Hs}. For example consider à Um 8 ; ; 


М 
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initial with blank tape, anq 
with #, and enter into a state 


202 Theory of 


(i) It 
canned 


starts in the 


T 
by tape head “places 


symbol s dy; and шу, 
head right. N 
(i) Ing it replaces the next blank by 0, enters intg i: - 

moves the tape head right. NEN SU 
(ш) Instate q2 it either replaces the next blank by | org х : 
jn state 72, OF replaces next blank by 1, and enters into state p p " 
SU 


the tape head is moved right. | 
(iv) In state 93, it replaces the next blank by 1, and enters r 4 
Е 


а moves tape head right. 


(v) In state q4, it replaces the next blank by #, and enters into gy, |. | 
fh 


The above turing machine, therefore, prints those strings that зв 
0,and ends will 11. Hence, the turing machine generates the language gy 


the regular expression 0(0|1)*11. 
The moves of the above turing machine can be represented by the folly) 


transition diagram shown in fig. 5.7. 


B 
2 What do you know about multitape turing machine? E 
e standard turing machine. 


its own controll | 
нал аниа озуп gE 55. ш 
ite in both direction. On a single mov? dep 


of 
ads, the machine сы trol and {һе sym- bol-scanned БУ each 0! 


@ Chan 

3 Бе stati 

Gi) Printane i ; 
cell 


2 (iii) Move e Б 
Tight, or keep it s ach of its tape heads, independently: one i 


‘7 


“define an n-tape machin 
and Fare as in the definition of a turing machine and the 


| в defined as — 


| 5 interpreted as follows — 


[| sd head encounters an a and the second an e. Th 
I Atthe ч then be replaced with an x and its R/W head i 
“head mare time, the symbol on the second tape is rewri 
lie qi. ү ight. The control unit then changes its state to qi 
1 © the new configuration as shown in fig. 5.9(b). 


mi 


ed bys yh 1 
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Finite 
Control 


Fig. 5.8 Multitape Turing Machine 

appears on the first tape, and the other tapes are blank. 
n of a multitape TM. goes beyond the definition of a 
ires a modified transition function. Typically, we 


‘standard TM, since it requi 
e by M = (Q, 5.06 дуВ, Р), where 0, Z L qo В 


transition function 5 


initially, the input 
The formal definitio! 


6: Qx T" QAT" {LRF 


óspecifies what happens оп all the tapes. For example, if n =2, with a 


"current configuration shown in fig. 5.9 (a), then 


5 (do а, е) = (ay S L R) 

The transition rule can be applied only andthe 
wi 
iten as y and the R/W: 
and the machine 


Finite Control 


204 Theory of Computation (V-Sem., IT-Branch) ў S 
Unit-V 205 


0.13. What do you mean by turing machine ? 


turing machine. lai 
(R.GBy, po. тц p sequence generated on tape 2, M, copies the i 
» Рес, 20] 3, Pes ty € input onto tape 3 


eac $ 
M; on tape 3, using the sequence оп tape 2 to dictate th 
е 


рог 


Ans. Turing Machine — i 
seen sin куе me ule a : 0, Ay [ий we x enters an accepting state, M, also accepts, If there į 
icd б ы. efer їо 0.12. "e of choices leading to acceptance, it will eventually еа, ў 
pm У; p f non leferministic turing machine, Gk un en simulated, М» will accept. But if no sequence of choices > 
Зя ‚ Anon-deterministic turing machine is an auto; “EV, рео) » of M; leads to acceptance, № will not accept. 
efinition of a standard turing machine maton aspi. | d й А у 
5 a De ШЧ! 016. what are the features of universal turing machine ? 
t XU,R 
Qxr22 ) (R.GPV,, Dec. 2014) 
Ans. The features of universal turing machine are as follows — 


As always when non-determinism is i 
: s - inism is involved, th 
possible transitions, any of which с; Mele e 
a is | 
саам y n be chosen.by the machine; Bal 
If a turing machine has transitions specified by 


5(40,а) = {091 b, R), (92 ‚С, Ly 


(i) Universal turing machine can simulate any other turing machine. 
(ii) Universal turing machine has an ability to manipulate an 
uibounded amount of data in finite amount of time. 


0.17. What do you mean by universal turing machine ? 


it is non-deterministic. The moves 0 
г 
x RM qoaaa |—bq,aa and qqaaa [--qg Beaa Write a note on universal turing machine. (Е.СРУ, Dec. 2009) 
| Ог 
Я р х D "5 7 i define 
sitis not clear, what role, non-determinism plays in computing functions How UTM overcomes the limitation of Turing pers. 2015) 
UTM. AET MR 
inst Turing thesis — A turing 


non- inisti 
n-deterministic automata are usually viewed as acceptors, Buta no- 
y Ans. Consider the following argument ag2 harm 
5 is defined the machine Б 


deterministic turin: "cae 
i in à ў 
S ormóves süch Же achine is said to accept ų if there is any possible sequent 4 
М. machine is a special purpose computer. Once efined th 
i gou Œ хаух), restricted to carrying out one particular type of computation. Digital pere 
me 47 EF. A non-deterministic machine may have moves available wal" the other hand, are general purpose machines that can be pe ж 
a to а, non-final state or to an infinite loop. But, as always wilh ot do different jobs at different times. Consequently, turing = ce жы i 
, determinism, these alternatives are irrelevant, All we ча interested in is* | ер equivalent to general purpose digital compu racine called a 
existence of some sequence of moves ging to acceptance. xi be overcome by designing a reprogrammable turing 
* Я iversal turi : | 
0.15. Show that if L i: Me jit ring machine. = inpotthe 
My then L is се if L is accepted by а non-deterministic writ ae A universal turing machine M, is 20 automaton и eames 
oe opted by some deterministic turing machine Mz zi description o; fany taring machine Mand tring C80 занк тн 
сһоісеѕ sas any state and tapelsymböliof, M;, there is * finite шл i im и. To construct such an M, We first select epe M 
maximum ins л "s ove. These can be numbered 1, 2, 3, fs fii? 116 machines, We may, without loss of generi?» | 
жч i ү Я мә 
sequence of choices оз be d өнү ie Ui pd 1897 ү Qaod d T 
1 n 
€ represented by a sequence of [oe нА ther Ж | “hg the initial state, q the only final state, 3 : 
MERI "От У х 
Шс, п encoding in which gi 5 


n. Not all si 
2 -such sequences may represent choices of moves, 
ve pick cou th 
pa td so on. Similarly, at 85 © 


bi oon 
e uà i n choices in some situations. и Where KT 
‚М; will have three ta; ; My vll Eje Eon ау represents the blank. 
т< ез. Мз лү Я А j 
UM ee Cer E specit “| e ented by 1, gzis represented Wy will be used as à 38 маг uen 
the 2/2 45 11, and so оп, The symbo nd the blank defined by this conventiots 


seque: C Te 
тай Ts digits 1 through 7 in a systematic manner. Seq 
j ill be generated with the shortest appearing 019 atea 


е 
qual Jength are generated in numerical order. 


S. With the initial and final st 
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Or 

turing machine can be explained completely with ў y А : 
ficti is encoded according to this scheme, with the id e LN теа short tote. оп off-line turing ae 3i оз ái 
in some prescribed sequence. For example, 91,2) =(q, Md tes х m lá jj А е 2003, 20) 
appear as лу An off-line turing machine is a machine in-which each move is 

+» 10110110111010... ; л by the internal vat Na is ia read from the input file and 

It means that any turing machine has a finite encoding a; a iis jm seen bY the а schematic representation of an off-line turing 

{0,1}*, and that, given any encoding of M, we can decode it шу пр, | pine Б shown in fig. 


strings will not represent any turing machine (for example, the strin í Sj 

but we can easily spot these, so they are of no concem. 2 00011) 
A universal turing machine M, then has an input alphabet that inclu 

{0,1} and the structure of a multitape machine, as shown in fig. 5.10, a 


Control 
Unit of M ,, 
LITT] 


DescriptionofM LLI II internal State of M 
Tape Contents of M i 


= Fig. 5.10 


Read-only 
ponunt Input File 


Control Unit 


COT TT p T. 
Fig. 5.11 


The behaviour of any standard turing machine can be simulated i ше 
off-line model. All that needs to be done by the simulating тш s j is 
ihe input from the input file to the tape. Then it can proceed in the 
as the standard machine. 

The simulation of an off-line mach aue 

i i tations of an. 
lengthy description. A standard machine can simulate the compu 


in fig. 5.12. In 
Offline machine by using the four-track arrangement aes ДЕ 511. 
Which, the tape contents represent the specific configura ulation. The first 
Each of the four tracks of М" plays a specific role Lug 
tack has the input, the second marks the position wh osi 
| “| "presents the tape of M, and the fourth shows, the p 
lead, 


-< -For any input M and u, tape 1 will have an encoded definition of M ine Mby a standard machine Mf x 

and tape 2 will contain the tape contents of M, and tape 3 the internalstit 
of M. M, sees first at the contents of tapes 2 and 3 to find the configuration 
of M. Then it consults tape 1 to see what M would do in this configuration 


of M. Finally, the tapes 2 and 3 will be modified to reflect the result of? 


input is read, the 
move. = eme the, Р 


tion of Ms R/W : 
0.18. Explain multitape and universal turing machine. 


(R.GPYV., June 2010 


Ans. Refer to Q.12 and О.17. 


0:19. Write short notes — 
) Turing machine 
(ii): Universal turing machine 


Control Unit of M" 


Read-write Head 


(R.GBY, Dee? | 
Ans. (i) Turing Machine — Refer to Q.1. 
@) Universal Tı uring Machine — Refer to Q.17. 


0.20. Forma, de ; " Also £i j 
Irguments that any Y define an off-line turing machine: jin! 


language acce, ine turing Z 
sume рге by an off-line M c 
uso. accepted by some Standard machine. 4 id | 
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-track tape of the simulating machine wi 
" m e will use one track to 
T e contents and the other one to keep the associated address. In the 
ce ig. 5-13 (а), the configuration in which cell (1, 2) contains а and 
ontains b is shown in fig. 5.13 (b). Note one complication — the 


Theory of Computation (V-Sem., IT-Branch) 


The simulation of each move of M requires a number бр 
ome standard position, say the left end, and wi ie 


Beginning from s i 
information marked by special end markers, М? seeks track 2 t МА 
cat ү, 


208 


e O 
«пел 23) с 


position where ће input file of Mis read. The symbol found in the a 
cell on track 1 is remembered by putting the control unit of Mine 100, s can involve arbitrarily large integers, so the address track cannot 
a Next, track 4 is searched for the position o аз | el Ше гё field to store address. Instead, we must use а variable field- 

the Ray | ea fixe sing some special symbols to delimit the fields, as shown 


head of M. With the remembered input and the symbol on track 3 
know what M is to do. This information is again remembered by om | 
appropriate internal state. Next, all four tracks of simulating таб ha Ji 
are modified to reflect the move of M.. Finally, the R/W head of M EU 
the standard position for the simulation of the next move. | 
0.21. Write a brief note on multidimensional turing machine, 
А (К.СРУ, Dec, 200) 
Ans. Multidimensional turing machine is опе in which the tape canbe 
viewed as extending infinitely in more than one dimension. A diagram of: 
two-dimensional turing machine is shown in fig. 5.13 (a). 
The formal definition of a two-dimensional turing machine involves: 
= transition function 6 of the following form — 


13. 

e us suppose that, at the start of the simulation of each move, the R/W 
pi of the two-dimensional machine M and the R/W head of the simulating 

chine M' are always on the corresponding cells. To simulate a move, the 
ilating machine, i.e., M', first compute the address of the cell to which M 
з sims Using the. two-dimensional address scheme, itis a simple computation. 
noe the address is computed, simulating machine М? finds the cell with this 
aliress on track 2 and then change the cell contents to account for the move of 
y Again, given M, there is a straight forward construction for M’. 


0.22, Write brief note on the two-way infinite tape TM. 
(Е.СРУ, Dec. 2009) 


ne with a two-way infinite tape is denoted by 


Ans. À turing machi 
lel. As its name implies, the 


ү 5:Ox T > Ox Tx {L,RUD}, n. кү, aaa 
- where U and D specify movement of the R/W head d down, respective ; Г; б, qo, B, P), as in the опала ae 

. pecify Ed ead up and Чо“ ШЕ lie is infinite to the left as well as to the right. We denote an ID of such 

tevice as for the one-way infinite TM. We imagine, however, that there is an 

штеп non-blank portion 


itfnity of blank cells both to the left and right ofthe с 
ofthe tape, 
The relation jz, which relates two ID’ ifthe ID on the right e 
fom the one on the left by a single move, is defined as for the одап = 
Чї the exception that if 3 (д, X) = (р, , D, then ea M РН ба th 
pe model, no move could be made), and itó(g, 07 (p, B, R) 
Pa (in the original, the В would appear to the ей бЁр). 
The initial ID is qow. While there was à left end to the mene jen re 
i = there is no left end of the tape for the Turing machine аа 
" Proceed left as far as it wishes. The relation i, as usual 


Two-dimensional 
Address Scheme 
the original 


ne on the left by.some 


a Е Е a Est 
НЕЕ ЕЕЕ Б ERES Le опе on the right can be obtained from the o 
(b) / 0 Oves, P 
; M23, Whi, Б ing machine. 
Fig. 5.13 "T [d * "rite short note on various т of ү ре 2004, June 2006) 


To simulate this machine on a standard turing machine, W? Я 
two-track model depicted in fig. 5.13 (b). First, we associate aP. "о i! 
address. with the cells of the two-dimensional ‘tape. This сап PY vj 
number of ways, for example, in two-dimensional fashion indicat | 


Бур; M : 
Plain multitape and multi-head tring pum jc, Dec. 201) 
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- Oro . йы А visualization of fig. 5.14; an automaton is Sometimes called a 

Write short note.on models of turing machine, (RG Py р „faon ph with multiple tracks, but such а view is not required for 

ў : Or "а, Aj f og mae fication in the definition of the turing machine, since all we need 

Explain the types of turing machine, Rapy, p, le dm pan alphabet in which each symbol is composed of several 
ч та! » 


(i Multitape turing machine х Multiple Heads Turing Machine —If we allow a turing machine 


(i) Multidimensional turing machine Ce but several heads on it, then we say in one step, the all heads 

(ii) Off-line turing machine | ai^ " scanned symbols and move or write independently. What happen 

(iv) Multiple tracks turing machine - E two heads, that happen to be scanning the same tape square, attempt to 
hel 


^, different symbols, for this same convention must be adopted perhaps 
E 3 with the lower number wins out. Also, let us assume that the head 
н а sense each other’s presence in the same tape square, except perhaps 
Ed through unsuccessful writes. А B - 

It is not hard to see that a simulation like ће one we used for n-tape 
mxhines can be carried out for turing machines with several heads ona tape. 
Те basic idea is to divide the tape into tracks, all but one of which are used 
‘alely to record the head positions. To simulate one computational step by the 
‘tultiple-shead machine, the tape must be scanned twice, once fo find the 
symbols at the head position and next to change those symbols or move the 
| Кай as appropriate. The number of steps needed is quadratic. : 
| Theuse of multiple heads, like multiple tapes, can sometimes drasti all 
inplify the construction of a turing machine. A two-head version of the copying 
mchine could function in much more natural than the one-head version or 
ten the two-tape version machine. 
(vi) Universal Turing Machine — Refer to Q.17. 


p й turing 
0.24. What do you understand by composite anA M RT: 
"chines 2 


(v) Multiple heads turing machine 

(vi) Universal turing machine. І 

(i) Multitape Turing Machine — Refer to Q.12. 

(i) Multidimensional Turing Machine — Refer to 921, E: | 

(iii) Off-line Turing Machine — Refer to 0.20. : 

А (iv) Multiple Tracks Turing Machine — We know that, a turing 
machine M is defined by i 5 
M= (О, Х, Г, 5, qo, В, Е), 

where, Q is the set of internal states 

is the set of input alphabet 


Dis а finite set of symbols called the tape alphabet." 
615 the transition function 


Ber is a special symbol called the blank 

90 € Q is the initial state 

FCO is the set of final states, post 
By the above definition, it is implicit that each tape symbol can bea comp 


f. К à 
; А анн rather than just a single one. This can be made more d 


d 


In which the tape symbols are triplets from some simpler alpha 


Finite Contro] 


Read/Write Head - 


j E та! f bers. For realizi S 
s Fig. 5.14 миц 3 4 А _, | teing, fm of the GCD of two unary numbers. propriate, 
én fig 514 Multiple Tracks in Turing Machine gs] e Maching (CTD, the FMs of the conipobént Т.М are PRES EE” 

Which arc L^" We have divided each tape into шен э ), the letion of the performance of each 
- Walch are known as tracks each cell of the tap gihe MP абод о А 


UM *r the hal he сотр 
1 ри alt state at the 
» and each containing one miember 9 E nent т.м. 
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nding head of Mj, аз shown in fig. 5.15. The finite control of 
he the state of M;, along with a count of the number of head markers 
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212 Theory of Computa 
Yet another way of having a combination of turing machine ig » i 
inputs. у; 
ipai atio M ae i d iti i i h 80165 f My's tape head. 
The basic idea behind the composite and iterated turing Machine jon qi ight of 72 
we can design a more powerful turing machine which сап solve lh y! 
complicated problem. The concept of splitting the problem into А я 
smaller problems and designing the turing machine has influen, ced the ae af 
А y 
computing. 1 


0.25. Explain Church’s hypothesis. r 


(R.GPV, June 2011, Dec. 2012, Jun 
Or € 20%) ere] | n 
Write a brief note on Church's hypothesis. (R.GPY, рес; 2) 


Ans. The assumption that the intuitive notion of “computable function” 
can be identified with the class of partial recursive functions is knowna 
Church’s hypothesis or the Church-Turing thesis. While we cannot hope 
to “prove” Church’s hypothesis as long as the informal Notion of 
“computable” remains an informal notion, we can give evidence fori 
reasonableness. As long as our intuitive notion of “computable” placesm 
bound on the number of steps or the amount of. storage, it would seem tht 
the partial recursive functions are intuitively computable, although sont 
would argue that a function is not “computable” unless we can bound te 


computation in advance orat least establish whether or not the computation 
- eventually terminates. t 4 


Fig. 5.15 Multitape Turing Machine 


Each move of Mj is simulated by a sweep from left to right and then 
ium right to left by the tape head of M. Initially, М” head is at the leftmost 
dl containing a-head marker. To simulate a-move of Mj, M; sweeps right, 
visiting each of the cells with head marker and recording the symbol scanned 
|lyeach head of Mj. 


Head 1 x | 


| Таре1 Ay |-42 |... a | Am 
Head 2 X 
m «| Em 
= 


What is less clear is whether the class of partial recursive functions 


incl E » е z 
cludes all “computable functions. Logicians have presented many otl Tape2 | В| | 22 


f i М 
с тана such. as the A-calculus, post, systems, and. general тесш" | Head3 | X m 
de have been shown to define the same class of functions P Tapes [Сү | C2 | — CT 

с ccu i iti Ki А e Е 
Sse pind ve functions. In addition, abstract computer models, s Fig. 5.16 Simulation of Three Tapes by One 


lom a. í A м В in 
cess machine (RAM), also give rise to the partial t? Markey en M, crosses a head marker, it must. update the count of. head 
T 


to its ri ight, M; has seen 
LIN © its right. When no more head marker are to the right, Мә has ; 


10015 scanned p. D М, has enough information to 
1 s heads, so M» e $ 
mine th үза kes a pass left, until it reaches the 


o the right enables M» to tell 
IL (ine far enough. As My passes each head marker on ps з 
ies the tape symbol of My “scanned” by the head marker, and i 


~ functions. 


N ; ; : 

еа Шш machine can simulate a RAM, provided itt 
i structions can themselves be simulated by a ТМ. 

0.26. Show that 


puri 
machine, then it is also 


ure T y ЕМ, 
gig ЧОМ, а oneta i : * cs for 8. | К, head mar seht to simulate the move of My 
Mj's tape. One track Pe turing machine with 2k tracks, two tracks, JT ig ly b Gha marker one symbol left or righ о апос complect 
and other is blank, exc gat a Чоц nge the state of Mj recorded in 4 5 


rM is accepting, then M» 
“Pts, 9f one Move of M;:-If the new state of Mj is accepting, : 


Mi, 
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NUMERICAL PROBLEMS 


Prob.1. Design а turing machine to recognize all strings consis 


tin 
(R.GP,, рес, p 


Table 5.4 


Current 


even number of 1%. 
Sol. The construction is made by defining moves in the following manne. |- К - 
er. ke Design a turing machine that copies string of 1%, 


G) а is the initial state. M enters state 42 on scanning 1 and Wis] E 
" Write E 
ii) If M is in state 92 and scans 1, it enters q} and wri ах Ог | iig 
p q; is the only accepting state. е c Find a machine that performs the following computation — 
1 4 
40Р apum 


So Maccepts a string if it exhausts all input symbols and finally in state 
à fir any иє{1}*- 
Sol. To solve the problem, we implement the following intuitive process — 
(i) Replace every 1 by an x 
(ii) Find the rightmost х and replace it with 1 
(iii) Move to the right end of the current non-blank region and create 
il there ; 
(iv) Repeat steps (ii) and (iii) until there аге no more x's. 


| ў A turing machine version of this process is as follows — 
Let us obtain the computation sequence of 11. Thus, q;1l F bgl + Sao) = R 
шл» qı is an accepting state, 11 is accepted. q 111 - А1 F bb qk (402) = @„»® 
go M halts and as q» is not an accepting state, 111 is not accepted ШЫ | ó(qi.D = (41,3 R) 


ó(q1, B) = (42 B.D) 
ó(q5 ,x) = (431) 
(421) = (2,1,1) 
5(42,В) = (ду›В,®) 
5(431) = (43.0) 
&(аз„В) = (4з) 


Symbolically, 
M= (49, аяз}, (1, b), {L b} 5 а, b, ta) 
where ó is defined by table 5.3. 
Table 5.3 Transition Table’ 


Present State 


a bqoR 
42 bqıR 


Prob.2. Construct TM accepting language 


І = {w/w has even no. of 2} ` k Jj 
: y, June 2 
Sol. Refer to Prob.1. d x 


X Prob.3. Design a TM w 
і reg 
expréssion 00* for 5 = (0, e accepts the language denoted by the ré | 


Sol. А 
Pu To solve the problem, we use the following logic — 


Sr) Ch jo f Mere = А : 
contains atleast ns ge the state when first 0 comes, because regular epe | tus ul 15 the only fina] state, This may be somewhat hard to see at first. So 
" T ie Я DOM 1 n à се s É > E 
бр, "el Program with the simple string 11. The computation performed 


5 as follows — 

Fl xg H xxq 1B EUN 

E xq,ll ^ qal] H 1g41L К 1131 

= 111938 F 1142117 142111 4111. 
вип gall 1 


<i). TI : m 
ieri) um next state is final state for any number of 0. 
encountered, the n't define any transition with input 1. So ifat any 


Mathihi i. 
achine will halt without accepting the string: 


vll m M (a 
Where dis defined by meee DABS dor 2, #80) 


sie?!” | 
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Prob.5. M is a turing machine represented by 
ahead. Obtain the computation sequence of M for 
string 0011 — 


the transi. 


оп s, 
Processing the ye 
Puy 


(b, b, R) 


Oy, R) Gs y, L) 


(0, 0, L) & 
Fig. 5.17 Transition System for М 
(К.СР,И, Dec, 2009) 


Sol. The initial tape input is 500115. Let us assume that Mis in state 4 
id the R/W head scans 0 (the first 0). We can represent this as in fig, 5.18, 


: l i 
The figure can be represented by 600115. From given fig. 5.17 west 


$ “State 
we get bx011b, К 
42 Fig. 5.18 TM Processing 
sr 
ing the symbol 0 can be represented 


The new state is 92. Thus, 


The change brought about by process 


D 
0012—00) р 
M 41 42 
; The führe Computation sequence reads as follows — 
Я | i 
5001 1p— Q2 8) y Ol 15 —(.0. 8) | prot tb 
41 42 42 
ЖИМ i pe 
> bx0ylp — 00, L) > xO yb Gi 50). ; 
93 94 
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| y О» y, R) hi 1 (d 
| (0:3: R) 5 bxxylb —H5 > bxxylb (l, y, L) bay 
М 42 42 43 
МИРАС Т. 
02222) 5 ЬххууЬ =") yl 50 уу 
93 95 95 
J . p. 
00% Ю у bexyyh PAR уь 
45 " 46 
Prob.6. Construct turing machine for accepting L — 
` L ={a"b"\n >0} (R.GPY,, June 2009) 
Or 


Construct a turing machine for a language having equal number of 
isand b’s in it over the input set X= (a, bj. (Ё.СРУ, Dec. 2014) 

Sol. The logic that we use for the turing machine to be constructed is as 
t’ turing machine will remember leftmost a, by replacing it with B, i 
lenit moves the tape head right keeping the symbols it scans as itis, until it 
Hsrightmost b, it remembers rightmost b, by replacing it with B, and e 
tetape head left keeping the symbols it scans as it is till it reaches Age С 
Sing В, it moves the tape head one position right and "omes aes 
Qe ifit gets a. If it gets B instead of a, then it is an indication js бан; 
‘ting is of the form a”b”, hence the turing machine enters into i iac fu dE 
еее the moves of the turing machine are given below in 
"sition table as shown in table 5.5. 


Table 5.5 Transition Table 


ег 3 
Store, the turing machine 


М = ((qo. qv d2 d» qip le 
п above, 


И p), (a, b, Bh À o B. 
Rte Sig m т y 
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of ID's due to processing of 112233 is given as —: 
qne change 33 | 84212233 |— В142233 | 
gy 1322 зз |— В1824333 | В1В2Вр3 р: 
á uoces > BIBqs2B3 . |— В14д;В2В3.-ү— 
518245 É 
H 


The transition diagram corresponding to the above table'is shown h 
К ehy, 


1B2B3 |— 96818283 - |— Вдү1В2В3 
js B2B3 |— BBBq72B3,, |— BBBBq,B3 
2 
BBBBBq33 K~ ВВВВВВа„В|—.. BBBBBq,BB 
Thus, 4,112238! P- 'g;BBBBBB 
| is an accepting state, the input string 112233 is aceptei: 
ia = can construct ће transition table for M. It is given in table 5.6. 
ie “Fable 5.6 Transition Table ^: 


| 2 2 pea af ЕДИ 


Prob.7. Design a turing machine M to recognize the language = 
{1"2"3"| n 2 7. (R. GP, June 20%) 
Or 
Construct turing machine to accept the following language — 
L= {a"b"c"|n > 1}. 


(R.GPV, June 2008) 


Present 


Or 
Construct turing machine for the following set — 
= ба" b" c" |n 21}. 57 (ЄР, Dec 200 
Or 
Design a turing machine to accept — 
L = fa" bc"| n > 1}, 


Sol. Before designing the required turing machine M, let us evolve? 
procedure for processing the input string 112233. After processing, Wenn 
the ID to be of the form BBBBBBq.,. S 


(R.GBY., Dec. 20) 


The processing is done by using five steps — 


Step 1—4 1 i5 the initial state. The R/W head scans the leftmost 1, /€P £ 
1 by B, and moves to the right. M enters dz 


Вай 
Step 2 — On scanning the lefimost 2, the R/W head replaces ANS] 
moves to thé right. M énters 5. i 2x 


jg 
Step 3 — On scanning the leftmost 3, the R/W head replaces 393^. | 
Moves to the right. M ent ; 


ters g4. 

: Step 4 — After ѕсаплі 
until it finds the leftmost 1 
В. 


those of the form 


mputation sequence 
hrga Dot accepted. It is advisable to a i HER rejected by 
y, 985 like 1223, 1123, 1233 and then see that these st 


бе can be seen from the table that strings other Шап 


: ize the following language — 
Prop g. Design a turing machine to recognize the fe 


hep tow] эр ів їп (Ot DF с. (R.GRY, June 2004) 
WP is the reverse of w. 

1 

to the! 

ng the rightmost 3, the R/W head moves placed?! 


-Asa result, the leftmost 1; 2, and 3 2161 ^ 


a Or tthe 

balin, struct a turing machine that can accep : 

! Фото over (0, 1), shine М, let us evolve а 
OL Before а {гей turing mace ыст с require 

Pe © Ore designing the requ «LOL, After processing. | 

° processing the input string 3 


© of the form BBBBq;. 


set of all even-length. . 


7 DE 
XR ig are roll | 
ud SN 5 — Steps 1-4 are repeated until all 175, 2’s and ba 
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220 Theory of Comp ) ring machine to recognize the following language =. 


We have the following steps for processing even-length Paling рей! а Рэ = {0"1"0" | n 2 1). 
А го = 
Step 1 — The turing machine M scans the first Symbol nes 
(0, or 1), erase it and changes state (91 or g3). 
Step 2 — M scans the remaining part without changing the T 
until it encounters В. | Pe ул, 
Step.3 — The R/W head moves to the left. If the rightmost symbol y 
with the leftmost symbol is erased. Otherwise M halt; . "mo talis 
Step 4 — The R/W head moves to the left until B is encountered 
Step 5 — Steps 1-4 are repeated after-changing the states Suitably, 
The changes of IDs due to processing of 1001 is given ag — 
401001 = 84›001= В00145В + B00g,1B H BOgq0B É ду 
5, 40008 | ВВа|0В — BBOg,B - ВВаз0В ~ Bq,sBE V- ванае 
BBBBq;. Es 
Thus, 41001 Ё BBBBq, 
As q7 is an accepting state, the input string 1001 is accepted. 
Now we can construct the transition table M. The transition table is given 
in table 5.7. , 


(R.GP.E, June 2004, Dec. 2012) 
Or 


q turing machine for the following set — 
Constr" e = fa” b” a" |n 2 1}. 


of the input ty ] 


(В.СРУ, June 2007) 


|, Turing Machine — Refer to Q.2. 
a ve the following steps.for processing 07170". . 
une qo is the initial state. The R/W head scans the leftmost 0, replaces 
B, and move to the right. M enters 4. v 
jos 2— Оп reading the leftmost 1, the R/W head replaces 1 by В and 
пу to the right. M enters q». 
Step 3 — On scanning the leftmost 0 after 1, the R/W head replaces 0 by 
Jand moves to the right. M enters q4- 
Step 4 — After reading the next 0, the R/W head moves to the left until it 
{nds the leftmost 0. As a result, the leftmost 0, 1 and 0 are replaced by В. 
repeated until all 0°, 1’s and 0° are replaced by 


Step 5 — Steps 1-4 are 
blanks, : : : 3 
Before constructing the transition table for the required turing machine 


V etus see the sequence of moves for processing the input string 001100. 
e change of IDs in the processing of 001100 is given as 


4001100 + 84101100 + B06,1100 В084100 80814300 = 


D 
вар i ВОВ1а4В0` Є Bq40B1B0 + q5B0B1B0 = Bg 0B1B0 ^ 


| 'ВВВа;В 
18180 + BBBq1BO I- BBBBq,B0 +. BBBBBq,0 + BBBBBBq; 
. Table 5.8 Transition Table 


Table 5.7 Transition Table 


Input Tape Symbol. . 
see | oT aT ra) 
à 0 1 


Thus, q 001100 È BBBBBBqg 
k in an accepting state, hence 
Mg 001100 is accepted. 
tle ^h е Construct the transition 
l "7015 given in table 5.8. 


= ТАШ 
It сап be seen from the table that only the strings of the form. Е m 
^i th be Seen from the table that 


accepted where we(0 + 1)*. Hence M recognizes the language Y the us 
L= юн рео + D*j git ыз се tee ОЁ the form of 0"1"0" 
[at chi by M. i i 
Prob.9. Define turin, hi ing machine for te 7000 ШУМ - Hence the turing 
{0°1"0"| n > 1}, rre aoe (R.GPF, pec Tecognize the language 


Or “OL OMI > 1) 
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Prob.10.. Construct TM for following language 1, Over be be а, 


а е 
аб І = {a"b?"c" | n 20} 


Sol. The construction of the required turing machine j " йү 
following steps — 

Step 1 — qo is the initial state. On scanning ‘the leftmost, а 
replaces a by В, and moves to the right by changing state qo to |. 

Step 2 — On reading the leftmost b, the R/W head replaces two Б: 
and moves to the right by changing states 4i to, 423 and Q3: 

Step 3 — On scanning the leftmost c, the R/W head replaces, cby Bai 
„moves to the right by. changing state 45 to qa: 

Step 4 — After reading the.next c, ‘the R/W head move tọ the left ші it 
finds the rightmost а and M changes its state 44 to qs. After reading de 
rightmost a, the R/W head moves to the left without replacing a. When it 
reads B on q5 the R/W head moves to the right and M eaters) 46. As атеш, 
the leftmost a, b, and с are replaced by В. 


by the 


8 by By 


Step 5 — Steps 1-4 are repeated until all а”, b’s and c’s are replaced ty 
blanks. 

"Let us see the processing of input string abbċ: The sequence of movesin 
piocessing of abbc is given as follows — 

qgabbc К Bqjbbc К BBqsbc К ВВВазс - ЗАЙНА, ы "m 


Thus, qoabbc Ë BBBBq, 
As q7 is the final state, the input string abbc is accepted by TM. 
Now we can construct the transition table for тм. It is given in tables” 


Table 5.9 Transition Table 


js ws Ў 
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o збей from the table that the string of the: form of а аге 
/ pe TM should accept the blank symbol. From the first row of 
‘le п= 0 ie sec that the TM also accepts the blank a Hence fhe TM 
ewe 
s the language 
2 (à атс" |^ > 0} 
"m Construct. TM. for the г following language L over the alphabets 
ргоЁ.11+ : 
L= fab" |n > 1). 
gol. The following steps give the construction of ће required TM — 
0 
step 1—40 is the initial state. On scanning ihe leftmost a, the R/W head 
glaces a by B and ез to the right. M changes state gy to д. 
Step 2 — On scanning the leftmost b, the R/W head replaces two 5’s by 
d moves to the right. M changes. its states from .q, to gy and 45 to 45 
Bs ant 
sil replacing two consecutive b’s. 
Step 3 — On scanning the leftmost c, the R/W head replaces three c’s 
wth B’s and moves to the right. M changes its states q4» 95 and 96 : 
Step 4— After scanning the next c, the R/W head returns to the leftmost 
awithout making any replacement. M changes states q7 and gg. As a result. 
telefimost one a,,two b's and three c's are replaced by B. 
Step 5 — Steps 1-4 are repeated until all a's, b’ s апа c's аге replaced by 


2 
шй 


ы _— Table 5.10 "Transition Table 


Present |.-- 
State 
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Let us see the sequence of moves in processing of the in 
The change of IDs due to processing of abbccc is given as — 

qgabbecc | ВауЬЬссс - ВВа,Ьссс + BBBqsccc H е 
I- BBBBBqsc | ВВВВВВа;В | BBBBBqyBb A 

Thus, qgabbccc Ё. BBBBBBqy 

As qy is an accepting state, the input string abbccc is accepted by n 
de t 
Now we construct the transition table for TM. ‘It is given in table sn 


It can be seen from the table that the strings of the form of атр» 
accepted by the TM. In this problem я » 0 thus ће TM does not ас 
blank symbol initially. Hence the TM recognizes the language 

L= {a"b""| п > 1) 
Ne gob.12. Design turing machine for the language — 
L(G) = fa" jq" э], m21}. 
(X. GP.E, Dec. 2019 


Sol. The required turing machine Т is defined as follows — 
T-(Q, Z Г, & qo, B, F) | 


where, 0 = (qo. 91, 9, 43, 4. 45. 46. А 
Z- (a, b} 
Г= (a, b, B) 
F= {93 

and dis given in transition table 5.11. 


Table 5:11 9 
[sues « | oa] в] 
4e | (91, 2, R) 


(q5,.b, R) 
(4, b, R) 


4\ 
42 


(91, a, R) 
(g5. а, К) 
(93. а, К) 
(gs. В, І) 
(95, а, L) 
(41, В, К) 
Accept 


(95, b,L) 
(25, В, К) 
Accept 


and transition diagram is shown in fi g. 5.20. 


put Stringa li. 


le 


c a 
сор 
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Fig. 5.20 Transition Diagram for T 


prob.13. Design a TM. that accepts the language L over the alphabets a 


ae L= (a^b"|n 2.1) 
Or 
Construct a turing machine that recognizes the set [0n1" | n > 13. 
Or Б 
Design а TM for language {L = a"b"|n > 1}. 
(R.GBE, Dec. 20H, 2016) 
Or 
Design turing machine to accept — 
L = {a"b"\n 2 1j. 
s | (R.GBV, June 2010) 
Or 
Design а turing machine for the following Maps т 
The i 7 number of 0’s and 
Set of strings with:an equal. numi of GBK, Dee. 2000) 
| Sol. Starting at the leftmost a, we replace it by a symbol, say x. Then. we 
8 е R/W head move to right to find the leftmost b, which in tum =: = 
"ymbol, Say y. After that we return to the leftmost а, replace it wi x 
Е to the leftmost b and replace it with y, and so on. ы back ca 
as Е in way, we match each a with a corresponding b. If after sometime 
` remain, then the string must be in Z. : ў 
пр out the details, we arrive at a complete solution огра 


О = {go 4» 42. 2» а} 


F= {44}, 
S= {а,Ь}, 
T= (a, b x, y, BE 3 


veral parts. The set ofthe follow 5 


Th 
бм. © transiti Н 
"siti ansitiong can be broken into se 
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8 (Go, а) = (ах, R) 
8 (qi а) = (9, а, R) 
бё (qiy) = (qp yv, R) Sac 
5 (qi, Б) = (9, y. L) gi 
replaces the leftmost a with an x, then causes the R/W'head to move ri | 
get the first b and replacing it with а у. When у is written, the Machine g t 
a state 42, indicating that an a has been successfully paired with man 
The next set of transitions reverse the direction until an x is encouits 
repositions the-R/W head over the leftmost a, and returns contro] to the inital 
state. E p 
ô (45 у) = (4, У, L), 
ô (q5, а) = (45, а, L), 
ô (42, х) = (qo, х, R). 1 
We. are now back in the initial state фо, ready to deal with the next 
a and b. 
After one pass through this part of the computation, the machine will 
have carried out the partial computation. 


Пер 


qoaa :.. abb ... b Č xqoa ... ayb ... b, 
so that a single a has been matched with a single b. After two passes, we will 
have completed the partial computation. 


qoaa ... abb ... b Č Xxqo ... ayy... b. 

and so on indicating that the process of machine is being carried out propey 

When the input isa string a”b”, the rewriting continuous this way, halting 
only when there are по more a's and B’s to be erased. When looking for the 
leftmost a, the R/W head moves to the left with the machine in state 4»: Wis 
an x is found, the direction is reversed tó getthe а. But now, instead of finding 
an a it will find a y. To terminate, a final check is made to see if all a’s алі) 4 
have been replaced (to detect input where ап a follows a b). This can be don 
by the following transitions 


ô Go; у) = (93, Р) 
ô (5, у) = (93, у, R) 
8 (аз„ В) = (44, B, R) 

If we inputa String not in the language the computation will stop 
non-final state, For example, if we give the machine a string 4 pec 
n? m,the machine will eventually find a blank in state qj. It vill halt wil 
DO transition is specified for this case. Other input not in.the nee 
lead to a non-final halting state, 


in som 
т wilt 


К 


ofa string 0" 


ші dis given in transition table 5.12. 
Table 5.12 5 Transition for T 


tat. 
4 


Unit-V 227 
aabb gives the following successive instantaneous descriptions — 
- xqyabb F xagjbb  xqnayb | 
L- goxayh F хфоауЬ К xxqyyb 
H xxyqıb F xxaoyy E xayxyy 
| ххаоуу M xxyqay F. ххуудзВ . 


I— ххууВа4В. : AP ES д 
is point the turing machine halts in a final state, so the string aabb is 


pe input 
додар? 


мё м. 5 
p.14. Presenta turing machine that inserts symbol in the beginning 
Pres on the turing tape. Assume Z = fa, bj. (R.GRY, Dec. 2015) 
Sol. The required turing machine 7' is defined as follows — 


T= (Q, Z, Г, ô q, B, F) 


wee О 7 (do. 91> 42> 13> 94 d5 9 


х= (a, b) b 
г={#, a,b, В} 
F= (ap 


(а, а, R)g 
(5, 5, К) 


(B, #, R) O 


Fig. 5.21 Transition Diagram for T 
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Prob.15. Design a turing machine that adds tw, 


0 numbers " 
binary notation and leaves the answer on the tape 


cs Pre; 
in binary fony, ei, 


RGBY, p. p 


tored on tape in following 


"Бр... 
where, Х and У сап be апу binary number 
and number of bits (X) > number of bits (Y). 
For example, 


[8[1[1[°1]7+П[[[»}... 


Table 5.13 


ше о [т | * ] x T4] 
>q 


о | (90 0, R) | (ao. 1, R) | (ау, +, L) (2,5, B,L) 


Sol. Let as assume that binary numbers are si 
format — 


% | (2, +, R) | (a3, +, R) (911, B, 8) 
4› | (92,0, К) | (9,1, R) | (45. 0, R) | (q5, B, L) (9 В,1) 
9з | (93,0, R) | (3:1, R) | (аз, 0, R) | (460,2) | (дь B, 1) 
94 | 7B, R) | (аз, В, R) | 

ds |(ag В, R) | (93, Y, R) 

96 | (97, Ү, К) (9%, Y, R) 

7; 

48 

49 (10 04 (9D 
410 | (410: 02) | (219. 1. D) | (41, +, D 


Gir B, R) (ать. В, Р) | a12 ER) @ү> &® 


"a aves the 
Then the turing machine which adds these binary numbers and le 
answer on the tape in binary form is defined as — 


Т= (О, Z1; & qo, B, Р) ) 
0 = (4-41. d». 43, d4 ds. 96 47. 4в» 99, J10 91 112 
Z= {0, 1, +} 
T= {0, 1, +, B, Y 
F= {q12} 
and ôtransitions are defined in transition table 5.13. 


where, 
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transition diagram of the resultant Turing machine jg shown in fig-5.29 
е 4. 


(X ЕГ), (В, В, 
Fig. 5.22 


Prob.16. Construct a turing machine for checking the palindrome ofi 2 
sting of odd palindrome for E — {0, 1}. (Е.СРУ, June 2015) 
Sol. Turing machine T for checking the palindrome of a string of odd 
ilindrome over = {0, 1} is given by – 
Т=(0, 5 Г $ до, В, F) 


Where, Q= (ao. 91, 42» 93 14> 95 
2= {0,1} 
T= {0, 1, B} 
F= {ay 

td Sig 


given by in transition table 5.14. 


Table 5.14 Turing Machine for Odd Palindrome 


(93, B,L) 


(43,9, D) | (03, „1 


0, R) | (дь 1, R) 
(94 (ay 8,1) 


Accept 
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and transition diagram is shown in fig. 5.23. 
(0,0, R), 
(,1, R) 
x Fig. 5.24 Transition Diagram for T 
Fig. 5.23 Transition ee for T. od Prob.18. Construct a TM for language of even no. of 1% and even no. 
СРУ, 
Prob.17. Build a turing machine that accepts the language- `` of 0's over 2= (0, 1). (R. Dec. 2011) 


Sol. The required turing machine Т is defined as follows — 


L= (a"b?n) х 
T-(Q, 5 T; 8 qo В Р) 
К.СР.И, Dec. 
Or а Бас were, Q= (d9. d1. 42. 93> af] 
Construct a turing machine that accepts the language L = (a^), f- b Г в} 
(В.СР.И, Nov. 2014) ={ ай } 
Sol. The resultant turing machine 7 is defined as follows — and 5 ee are shown in transition table 5.16. 
Т= (0, 5 Г & qo B, F) Table 5.16 Transition table for T 
where, 0 = (go. 41, 9, 93, 44 95, Of 
Z= {a, b} 
T= (a, b, B} а 
F= ta) а 


and dis shown in transition table 5.15. 
Table 5.15 Transition Table for Т 


43 


(0,0, R) 
Turing Machine T 


and transition diagram is shown in fig. 5.24. Fi f 
8. 5.25 Transition Diagram for 
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Prob.19. Construct a turing machine to com 


pute 
fiw) = wR, where w є (0, I (RG py, р 
Sol. The turing machine М, which computes the function pi C, 2004) 
we (0, 1}* is defined as () = wtp, 


M= ({40 9 9» 93 94 95 dg). 10, 1, X, B), б, qo, В, { 
where ó is defined in transition table 5.17. 
Table 5.17 Transition Table 


4g): j 


Present Input Tape Symbol 

40 (90.0.8) (g9.1,R) 
(42Р) | (44.Х,Р) 
(47,0,R) (92, LR) 
(23.0.L) | (g4,1,L) 
(q4,0,R) | (q4,1,R) 
(96:0.К) | (961,8) 


Prob.20. Design a turing machine to compute the function f(m, n) 
=m +n where m and n are non-negative numbers, (R. GB, Dec. 2013) 


Sol. Assume that m and n are positive integers in unary representation. 


The computation of fn, п) can be visualized at a high level by means of | 
the diagram in fig. 5.26. The diagram depicts that we first use @ comparing 
machine to determine whether or not m >n. If so, the comparer sends а star 
signal to the adder, which then computes m + n, If not, an erasing program's 


Started that changes every 1 to a blank. 


Adder 
A 
Eraser 
Е 


Fig. 5.26 o havin? 

The program for the comparer C is written using a Turing machin For it 

States indexed with С. For the adder, we use states indexed with 4 je 
eraser E, we construct a Turing machine having states indexed WI" 


fenn) 


m,n 


Я Сотрагег E 
С. 
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ons to be done by C are — 


cow) ow(n) F- ¢4,0w(m) Ow(n), if т> n 
own) Ow) Р q g ovi) Ow(n), ifm <n 


nm uta 


4с, nao 
qao 204 460 81 the initial states of А and E, respectively, we see that 
starts either A OF E. 
А те computations performed by the adder will be 


qa, oWO) Ow(n) P7 qa, p wm +n) 0, 


yd 


gd that of the eraser E willbe 
Ш 
ag, ow (i) Ow(n) ак у 0 
The result is a single turing machine that combines the action of C, А and 
fas shown.in fig. 5.26. 


Prob.21. Proper subtraction m ~ п is defined to be m —n for m 2n 
and zero m < n. Construct TM for this subtraction. 
Or 
Design a turing machine that can compute proper subtraction Le. „т m 
where m and n are positive integers — 
mn-mc-mn ifm>n 
m n—0ifm«-n 
(R.GB, Dec. 2010) | 
Or 
i Design a turing machine that computes a function fim, п) =m = п 
» Proper subtraction of two integers defined as, 


m-n-m-n ifm>n 
=0 otherwise 
(R.GB, June 2009) 
Sol Let TM i 
defi M= ({а0, qı qe}, 10, 1), 0 1, В}, &4ь B ч) 
i mera } ange 
180 below started with 010" on its tape, halts with g^ 00 its tape. M 


Peated] ight fora 1 followed 
b Y replaces j i c. then searches righi 
20 and a 5 its leading 0 by blank, left until it encounters à blank 


a blank. Then, the 7 O's in 
have been changed to 
— п) О on its tape. 

getoa blank, 
somzn 70. 


Mm, © Searching ri 0, M encounters 
hy ing right for a 0, Fthe m0°s 


leaving (a 
find a 0 to chan 


) Bepinni 
Beginning the cycle, M PED Thi n Ут, 


108 nr O's already have been chan 
remainine 1’s and 0’s by 2- 
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The function ó is described below —: 
(а) ô (do, 0) = (9, B, R) 
Begin the cycle. Repláce the leading 0 by В. E 
` @ 5@, 0) = (91, 0, R) 
9 (41, 1) = (92, 1, R) 
Search right, looking for the first (1). 
(c) б(4Ь1)= (9, 1, R) 
ô (92, 0) = (93, 1, L) = 
Search right pass 1’s until encountering a 0. Change that 0 to 1, E 
(d) 5 (q3, 0) = (93,0, L) 
8 (4з, 1) = (43, 1, L) 
ô (45, B) = (qo, В, R) 
Move left to a blank. Enter state 40 to repeat the cycle. 
(е) 8 la, B) = (q4, B, L) 
5 (94, 1) = (q4, B, L) 
5 (44, 0) = (94, 0, L) 
ô (44, B) = (q6, 0, R) 
If in state q5, a Bis encountered before a 0, we have situation (1) described 


above. Enter state 44 and move left, changing all 1’s to B’s until encountering 
a B. This B is changed back to a 0, state ge is entered, and M halts. 


(D (as 1) = (45, B, R) 
8 (95, 0) = (gs, B, R) 
ô (as, 1) = (qs, B, R) 
8 (95, B) = (д, B, R) 
If in state qo a 1 is encountered instead of a 0, the first block of 0’s has 


n p . 2e of 
been exhausted, as in Situation (ii) above, M enters state qs to erase the rest 
the tape, then enters 46 and halts, 


A sample computation of M on input 0010 is— 


NT 


900010 .1— 841010 | возо р oi,0 |— 
| В04311 |—. вазо j 43,8011 |—  Bqgg0l] К 
É BBaMM. .|— .:BBlgjl |... -BBI 15 - 88041 К 
| BBg4l р Bg, I— . B0gg 
- On input 0100, M behaves as follows — : 
900100 }~ ве К< Big00. j- 810 К 
$3110 5E. actio. ge BBgs10 |— 888450 К 
| BBBBqs |— вввввд, 
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е бей turing machine to add two numbers a and b, 

"^ 7 (RGPY, June 2016) 
first have to choose some convention for Teprésenting positive 
a js will use unary notation, for simplicity, in Which any positive 
"A sented by 
"T is repre w(a).e {1}* such that 

lu(a)| = a 


st also decide how a and b are placed on the tape initially and how 

poe to appear at the end of the computation; We will assume that v(a) 

gir sum ie on the tape in unary notation, separated by a single 0, with 
and € the Жоо ъй of (2). ; 

QW ig er the computation, u (a + b) will be on the tape followed by a single 

(and the R/W head will be positioned at the left end of the result. Thus, we 

vant to design a turing machine for performing the following computation — 


qou (a) Ou(b) = qu (ab) 0, 


| where gris a final state. Constructing a program for this is relatively simple. All 


weneed to do is to move the separating 0 to the right end of. щу), Жен 
uitition amounts to nothing more than the coalescing of the two strings. To 
thieve this, we construct М = (0, Х,Г,5,40, BF), with 
Q = {4091929344}, 
Е = {44} 
(900) = (90), 
(40:0) = (41Р), 
(4131) = (41.1.5), 
(qi, B) = (a3. P.L), 
(423) = (43:01), 
(43,1) = (93.1) 
б(аз„ B) = (98.0), 
fict : i Noted that in moving the 0 right we 


а : achi 
fi, 1) <В remembered by putting the m 


ї for adding 
Tis са (3, 0, R) is needed to remove Каже descriptions for 
ll u^ Seen from the sequence of in 


y create an extra t, 8 


temporari The transition 5 


H ngl 
1140011 16 
12911 1011 Ot 44111110. 
БАП 1011 К 1411011 к 1190 po È Ф811! 4 


1 
ишк igl H Ù! 


H 


— 


|" 
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Adding numbers is one of the fundamental operations of an comput 
one that plays a part in the synthesis of more complicated instructions б s 


basic operations are copying string’s and simple comparisons. Also this M. 
be done on a turing machine. n 


Prob.23. All natural numbers are either even or odd. C, 


А Onstruct q turin, 
machine that computes the parity function for natural numbers, that ig 
that computes — 


0, if n is even 
F(t) = 1r, if nis odd 


(R.GP.F., Dec, 2010) 
Sol. The input string is represented on the turing 


machine’s tape in the 
form of 
-[-[8[1 Пра Е 
Т 
90 
this machine starts in state qo at the beginning of the sequence, the ‘B’ is totell 
the machine whether the Sequence ends. The machine needs two states one 
for ‘ODD’ and one for ‘EVEN? parity and it changes states whether it encounters 
а ‘1’. The finite state machine is represented by table 
di 55 |45 s; dy 4 5 |49: sy dj 
0 0/0 от 1 0|1 0 1 
0 1/1 0 | 1 1/0 0 1 
0 B|H 0 — 1958 25 DE 0 
40 qı 
Quintuples for Parity Counter 
In “4,7 


Jj » We are considering “0° for ‘lef’ move and ‘I’ for ‘right’ digs 
The operation of the machine is as follows that the machine ends up at 


2 . i | 
former site of the terminal “В? which it has replaced by the answer. The inp! 
Sequence has been erased. 


---|8}1]o]1][ifo 1[1[В]--- 
40 
В 4010110118 
910,8 


В 0410110118 
—- 
4,0,8 
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110118 
good 


10118 
udo. 


а0,Е 
100090118 
в00004д| 
90,8 


B0000q11B 
Ey 


qo.0. R 


B00000g,158 
> 
q, .0,R 


B00000004g,B 
B0000000158 


Ly this one is showing that given string containing 
odd parity. 


E EA 
Prob.24. Design a turing machine M to кн em Ta 
iw: w е fa, bj*j. | Бе 


ssing into two 

Sol. The idea behind the TM is to separate the aaa ria owed 
finding and marking the middle of the string and pes rap ie both ends 
* accomplish the first task by working our cw as we go. This 
wltaneously, changing symbols to their ир P. pns to the input symbols 
means that our tape alphabet includes 4 and B in additi only if the string is of 
cand b. Once We arrive at the middle — which EP half back to their original 
ie length — We may change the symbols in the ee beginning again and, 
» € Second part of the processing is to start a à vith the corresponding 
М а lowercase symbol in the first half, ише progress by changing 
| °'сазе Symbol in the second. We keep track 0 


ci ymbols. 
ing uppercase sy 
Symb d erasing the matching r its length is 
ols to uppercase an sjected. If its leng 


crash. If it has even length 
ponding symbol in the 


si 


; ing can 
dd, th “re are two ways that an input string 


4 
Will discover this in the first P cenis 
mbol in the first half does not match pt phase. 
half, the TM will crash during the sec se it for three strings — two 
I is shown in fig. 5.27. Again, we trace I 


LT is in the language. 
at i both ways the TM can crasb and one that is in 


le 
lusto 
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AMA, L 
ал, L 


bL 

Fig. 5.27 A Turing Machine to Accept (ww|w є (a, b} 4 
(qo.Aaba) |—(qi,A aba) |—(q5,^ Aba) H (gy A dba) 
I—(43.A Aba) |—(q4, ^ Ab A) |— (ал 454) 
[—qm».^ Aba) (g ,A AB АЙЕ (45.8414) 


(crash) 


(qo, ^abaa) Epis I—(q2A Abaa) [—" (q5,A AbaaA) 
Биш ca aiti в 
eria ae ut 
a r ME. 
«4 BAA) (gs, A Abd) |— (gs Baba) 
(first phase comp 
ti вл Is. A AA 
A ABA) [—(qo, A AbAA) I— (q.A ABA) 


; I—(25.A 
‚ (40:A авав) NA 4BAA)|—(q;,A АВА А) (crash) 


Jeted) 


(same a: Р is 
5 previous case, up to third-from-last move) 


Unit-V 239 


AA DAB) |—(97,ААВАВ) |— (47, A4BAB) 


C 
(99 „ЛАВ A) CLE ДАВ) | (46, ААВА) 
(h AAB A) (accept) 


0.27. Prove that the union of two recursively enumerable languages is 


recursively enumerable. 


Ans. To prove the un 
recursively enumerable, let us consider Z; and 
In be two recursively enumerable langauges 
accepted by algorithms Mj and M5. 
We construct М, which simulate 
simultaneously M; and М» on separate tapes. 
I either accepts, then M accepts. The 
construction is shown in fig. 5.28. 
| 0.28. Prove that the intersection of two recursively ет 
isalso recursively enumerable. 
Ans. Suppose that Тү = (О 
ae TMs accepting Z sidl res те We 
La Tos 1 э» TESp А 
Th ; 
елгыр аре machine 7 = (О, 5 Г; do 
sn nto tape 2 and inserting on T). Insertin! 
к tape. The simultaneous simulation 0 
mplished by allowin; ibl 
g every possible move 
ero. 6 8 (ps. ру), (а, 29) = (а 9) Ф Pr» Ov D») 
the ete both values of i, 5, (рь a)= (Gp 5» Dj. The possible outcomes of 
ation are — 
G) Neither 7, nor T, ever stops, in w 


Gi At least one of the two halts, in which case T halts. 
Sar Gii) Machine can crash as soon 25 either Тү or T» crashes, and it 


л hal 
? ассо t only after both T, and T; have halted. Hence, we may conclude that 
Pts the language La Ls 


ion of two recursively enumerable languages is 


Fig. 5.28 


umerable languages 


5 Г, a, 8) and Т, = On» E 19 б) 
wish to construct TMs accepting 


6) begins by copying the. input 
g the marker # at the beginning 
f tape land T, on tape 2 is 


hich case T never Stops. 
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0.29. Give two properties of. recursively Enumerable set, 


REPL, Dec > 
Ans. Refer to Q.27 and Q.28. ‚ Dee. э 


0.30. Explain the properties of recursive and recursive 


numer, 
languages. (R.GPRYL, р able 
Pd » Рес. 2011, 2012) 

Write a short note on recursive and recursively enumerable langua 
Wages, 
(R.GPy, : 
op June 2004) 

Discuss the Properties of recursive and recursive enumerable і, 


апецаре;, 
(R.GRY, June 2015). 


Ans. Recursively Enumerable Languages — A language Г, is Said to Ь 
recursively enumerable, if there exists a turing machine that accepts /, | 


dou [у а рхо, 


vith ага final state. The definition does not say anything about what happens 
or и not in L; it may be that the machine halts in a non-final State or that it 
ever halts and goes into an infinite loop. 


Recursive Languages — A language L on Х is said to Бе recursive, if 
tere exists a turing machine M that accepts Z and that halts on every ued". 
| other words, we can Say that a language is recursive iff there exists a 
embership algorithm for it or if there exists а TM that recognizes L. 

If а langauge is recursive, then there exists an easily constructed M 
‘umeration procedure, Suppose that M is a turing machine that determines 
*mbership їп а recursive language L. First, we construct another turing 
ichine, say M, that generates all strings in*, in proper order, say ш, 1 

As these strings are generated, they become the input to М, which В 
dified so that it writes Strings on its tape only if they are in L. 

There is also an enumeration procedure for every recursively enumerable 
Bauge, but it is not easy to see, It is easy to see that every language M 
ich an enumeration Procedure exists 18 recursively.enumerable. We m 

| пр against successive strings generated " А 
imeration procedure. If eZ, then we will eventually find a match, a7 
cess can be terminated, 

ever) 


: e Explain recursively enumerable language. Prove that 7008) 


А language is recursively enumerable language. (R.GP V, Junt 
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Recursively Enumerable Lariguage — Refer to Q.30. 
n5. 


4 
proof — 
recogn 


Every language that is recursive is recursively enumerable, If 7 
izing L, then a modified machine that crashes instead of leaving: 
WM о accepts Z- If T is a TM accepting L, there may strings not inL for 
pt rashes and therefore neyer produces an answer. : 
pich dum is recursive, then there exists an enumeration procedure. 

P hat Mis a Turing machine that determines membership in a recursive 
jyppose i We first construct another turing machine, say 47, that generates 
ue in Z+ in proper order, let us say wj, Wo, ..... AS these strings are 
1 кл they become the input to M, which is modified so that it writes 
ie on its tape only if they are in Ms | 
| That there is also an enumeration procedure for every recursively 
umerable language is not'as easy to sée. We cantiot use thé above argument 
sitstands, because if some w, is not in L, the machine M, when started with 
non its tape, may never halt and therefore never get to the strings in Z fit 
follow w; in the enumeration: To make sure that this does not happen, the 
wmputation is performed in a different way. We first get Af to generate wy 
ind let М execute one move on it. Then we let M generate w and let M. 
Ше one move оп w,, followed by the second move on Ys the ‘bird step 
1и, and so on. From this it is clear that M will never get into an а 
bop. Since any weZ is generated by 4g and'accepted by Mina finite num! 
“зер, every string in Z is eventually produced by M. < З 

Iis easy to see that every language for which an enumeration aon 
"ists 18 Tecursively enumerable. We simply compare the e 
Чай Successive strings generated by the enumeration proc a 
"e will eventually get a match, and the process can be termina 


Ў language. 
232. Explain the term: recursively enumerable (ЕСРИ, Рес. 2014) 
Or 
Explain recursively enumerable languages. 
Or 


Wi; k languages. 
rite Short note on a T 2003, Dec. 2003, 2007) 


(R.GRK, June 2009) 


dns, Refer to Q.30. ive language is recursive. 
0.33, Prove that the complement of a recursive 


Or 


> F. (СРИ, Dec. 2008) 
Prove Шашу ic. cin Innonage so is L. (RGRE, 
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0.29. Give two properties of recursively enumerable 
Set, 


Ans. Refer to Q.27 and 0.28. Mark 


Ans. Recursively Enume 
recursively enumerable, i i i 


Process can be terminated. 


Q.31. Explain recursively enumerable language. Prove that ea 
recursive language is recursively enumerable language. (R.GP.V, June © 
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ү Refer to ().30, 

proof — Every EY el on : E is recursive] 
jM recognizing а en "€ ifie machine that crashes instead of leaving 
р "T accepts L. isa accepting L; there may strings not in L for 
" T crashes and therefore never produces ап answer. 
jh fa language is recursive, then there exists an enumeration procedure. 
pose that Mis a Turing machine that determines membership ina recursive 
шаре L- We first construct another turing machine, say 47, that generates 
strings in 2+ in proper order, let us say Wi; Wo, ..... As these strings are 
ynerated, they become the input to M, which is modified so that it writes 
gings on its tape only if they are in L. 

That there is also an enumeration procedure for every recursively 
mmerable language is not'as easy to see. We cannot use the above argument 
sitstands, because if some w, is not in L, the machine M, when started with 
jon its tape, may never halt and therefore never get to the strings in Z that 
allow. w; in the enumeration: To make sure that this does not happen, the 
"mputation is performed in a different way. We first get М to generate w, 
ind let M execute one move on it. Then we let jf generate w, and let M 
secte one move on w,, followed by the second move on wa, the third step 
0, and so on. From this it is clear that M will never get into an infinite 
bop. Since any weZ is generated by Xf and accepted by M in a finite number 
"steps, every string in Г, is eventually produced by M. n 
Е It is easy to see that every language for which an meres ierra 
^a 15 recursively enumerable. We simply compare the начат" à 
ps Successive strings generated by the enumeration d , 

will eventually get a match, and the process can be terminated. 


А recursively Enumerable Laniguage — 
ns- 


у enumerable, Jf T- 


А е. 
032. Explain the term recursively enumerable pests Dec. 2014) 
Or 
Explain recursively enumerable languages. 
Or 


Wri Е ble languages. 
"ite short note on адин 777 Јипе 2003, Dec. 2005, 


(R.GBK,, June 2009) 


2007) 


Ans, Refer to Q.30. 


rsive la 
33. Prove that the complement of a геси 
Or 


ois L. (ЕСРИ, 
Prove that if L is a recursive language 50 8 L. ( » 


nguage is recursive. 


Dec. 2008) 


242 Theory of Computation (V-Sem., IT-Branch) 


. Ans. Let L be a recursive language. and. M be a turing machine that 
on all inputs and. accepts-Z; Let us construct М from M so that i t Mer 
final state-on input u, then M halts without accepting. If M halts ен 
accepting, M enters а final state. Since one of these two events occurs a 
an algorithm. Clearly L(M) is the complement.of L and thus the con SiM is 
of L is a recursive language. ; 
The. construction of M from Mis given in fig. 5.29. 


Fig. 5.29 Construction Showing that Recursive Languages are Closed 
s under Complementation ` 


О.34. What do you mean by recursive language ? Prove that 
complement of a recursive language is recursive. (К.СРИ; Dec, 2013) 


Ans. Refer to Q.30 and Q.33. 


0.35. Prove that the if a language І. and its complement L are both. 


gd enumerable, then both languages are recursive. If L is recursive, 
е L is also recursive, and consequently both are recursively enumerabie. 


р Ans. If L and L are both recursively enumerable, then there exist Turing 
Machines M and M that serve as enumeration procedures for L and 1, 
respectively. The first will produce wy, ws 2.40... in L, ‘the second 
Ў|,)......... in L. Suppose now we are given any уде We first Let M 
generate w; and compare it with w. If they ate not the same, we let Ñ 
er di and compare again. If we need to continue, we next let M generale 
^ ida = ici Wi, and So on. Any w eX" will be generated either byM 
ж ally we will get a match. Ifthe matching string is produced 
У M, w belongs to L, otherwise it is in L. The process is a membership 


algorithm for both Z and І, ѕо they are both recursive. 


* 0.36. Р; h 
Г Q ; rove that universa] language is recursively enumerable: 7 
(R.GRY, Рес. 2! 


Plement | 
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| exhibit a three-tape ТМ М, accepting universal language 
of M, is the input tape, and the input head on that tape is 


f the TM M when given code «M, w» as input. Note 
ly " look 


oves 
pe of M, will simulate the tape of М. 


tal 
те alphabet of Mis (0, 1, B}, so each symbol of Ms tape can be held 
ane tape cell of M,’s second tape. Observe that if we did not restrict the 
воп tof M, we would have tojuse many cells of M;'s tape to simulate one 
s but the simulation could be carried out with a little more work. 
P d таре holds the state of M, with q; represented by 0^. The behaviour 
{M is as follows — Ц 

(i) Check the format of tape 1 to see that it has a prefix and that 
tre are no two codes that begin with 010/1 for the same i and /. 

(ii) Initialize tape 2 to contain w, the portion of the input beyond the 
копа block of three 1°. Initialize tape 3 to hold a single 0, representing q;. 
All three tape heads are positioned on the leftmost symbols. 

(її) If tape 3 holds 00, the code for the final state, halt and accept 

(iv) Let X; be the symbol currently scanned by tape head 2 and let [3 
ће current contents of tape 3. Scan tape 1 from the left end to the second 
Ill looking for a substring beginning 1101071. If no such string is found, halt 
nen M has no next move and has not accepted. If such a code is found, 
y eee 10*10/10". Then put OF on tape 3, print Xj on the гаре cell scanned 

nd move that head in direction Dp- 
| TS is straightforward to check that M, accepts «M, w> if and only if 
‘pts w., It is also true that if M runs forever on w Му will run forever 


DES й 
<M, Ыы and if M halts on w without accepting, M, does the same on 


j the 
h ad 


237, Prove mat. (0 The union of two recursive languages is recursive. 
м language L and its complement L are both recursively enumerable 
55 recursive, (БЕКЕ De c 


ка @ To prove the union of two recursive languages is recursive, let 

“м Sr L, and Ly be two recursive languages accepted by algorithms Af, 

cents, “© Construct M, which first simulates Мү. If M, accepts, then M 

LN M, It M, rejects then M simulates M; and accepts iff M; accpets. Since 

2 5. The Ч М, аге algorithms, M is guaranteed to halt. Clearly, M accepts L 
onstruction of M is shown in fig. 5.30. 
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Fig. 5.30 Construction of Union 


(ii) To prove L is recursive, i 
recursively enumerable, let us consi 
respectively. 


f L and its com 
der М, and 


We construct M, as given in fi 


М). M accepts и if М, accepts и and rejects u if М, acce, 
either Lor Г, we know that exactly one of M, 
always say either “yes” or “no” 


8. 5.31 to simulate simul 


> but will never say both. 


Fig. 5.31 


It is noted that there is no priori limit on how long it may take ped 
or M, accepts, but it is certain that one or the other will do so. Since Mis 
algorithm that accepts L, it follows that L is recursive. 


0.38. Find the languages obtained from the following operations- 
() Union of two recursive languages 
Gi) Union of two recursively enumerable languages Е 
(iii) If апа complement of L are recursively enumerable.: 2 


(R.GRY,, Dec. 2014, June 20!) 
Ans. Refer to Q.37 and Q27. : 


hos? 

s uage v 
0.39. Prove that, there exists а recursively enumerable languag 
complement is not а recursively enumerable. 


Ans. Suppose 5 = 
this input alphabet, T 


1 hi 
{x}, and consider the set of all turing тас 


" n 
: i ciate 2! 
his set is countable, so we can asso! 


[ 
cl 


plement L both are 
М; accept L and Dn 


taneously M, and 
pt u. Since y is in 
1 от M, will accept. Thus Муй 
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there is an 
У, for each 
machine that 


И epts it. 


we consider a new language L defined as, for each 

Now, fand only if x’eL(M)). Clearly that the language £ 

jis in v нева x'eL(Mj), and hence x! eL, must either 
e the 


P we consider the complement of L, 
Next, 


Ї2 1, the string 
is well defined, 
be true or false, 


Le b^ ещм), —@ 
hich is also well defined but, as we will show, is not recursively enumerable. 
ШО! 


Now, we will show this by contradiction, starting from the assumption 


it T. is recursively enumerable, then there must be some turing machine, 
зу Mp such that — 


L-L(Mj) : ~-i) 
Consider the string x. Is it in L orin L? Let x* eL. By equation (і), 


tis implies that — 


x* eL(My) 
But by equation (i) it implies that 


x* eL 


Conversel 


k ET ion (ii) 
1 y, if we assume that x* is in L, then x^ L and equation (i 
plies that — 


P L(My) 
But then from equation (i), we get 
Xm 
x'eL lude that our 
onclude 
У Тһе Contradiction is inescapable, and, T à 
Simption that L is recursively enumerable is false. can use the known 
е 

fume Showing the Z is recursively сше ы first find iby counting 

i 3 2 ven Я : 
le mi ration Procedure for turing machines. a procedure for turing machines 
‘find Sr Of x"s, Then we use the enumera long with x to à universal turing 

d - . е о Ы 

5 1 iptions а! Yl. tion 
ching Finally, Weigive ds Чез! В f Mon x. If is in L, the computa 
[m u that simulates the action o 


Mich: t by i cts of this is a turing 
will evi The combined effects 
ihe M, ille entually halt. Th С 


um is recursively 
» Fore, by definition, L 15 re А 
Sune, that accepts every x! e L. Therefore, bY 
] "able, 
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le and undecidable problems ? rm 
(-GEV, Dec, 2015 
ms — Decidable problems are these probléms 
which there exist ап algorithm for that problem where the result of Erg 
is “Yes” or “No”. For example, let us consider a statement “A context, D 
"Ше 


Chomsky Normal Form.” For some context-free grammar thi 
er it is true. If there exists any algorithm which decides al 
е 


7 


7 What are decidab 


< Decidable Proble: 


grammar is in 
is false, for oth: 
given statemi 
problem. 
Undecidable Problems 
which will correctly. give a so 
“No”. 
Examples of some undecidable problems are 
(i) The Halting problem of turing machine, 
(ii) Post correspondence problem. 


Q.41. Describe decidable and undecidable problem. Explain halting 
(К.СР.И, Dec. 2017) 


—A problem is undecidable if there is no algorihm 
lution to given problem in form of “Yes” or 


problem. 
Ans. Decidable Problem — Refer to Q.40. 
Undecidable Problem — Refer to Q.40. 
Halting Problem — For any turing machine, there are two cases arises - 
@ The turing machine will halt after some finite number of steps. 
(ii) The turing machine will never halt. ? 
The problem is, “Is it possible to determine for any given inpul 
the turing machine will ever halt or not ?” 
This problem is known as halting problem of turing machine. 
Simply in formal way — 
“For any turing machine T and a string w, is weL(T)?" 
is halting problem of turing machine. 


whether 


(R.GPRY, June 2010 
roblem 
irs 


0.42. Explain process of reducibility. 

in m x uuo онаш ртов, a problem is converted to another р! 
problem. Such E a solution to second problem can be used to solve the 
refer to then z 7 иар соте up in everyday life even if we 
around a mac ch p bid As an example, consider you want to 
problem of findi: . It is easy to do if you had a map. Thus you ca 
map. There are dm your way around the city to the problem of 
A reduces to B к two problems in reducibility, which we Сё 
» We can use a solution to B to solve A. Reduci 


find ош" 
п reduce W 
obtaining А 

and P Y 
pility 5” 


ent is true or false for any problem. Then the problem is decidable || 
е 


йо поша!) | 


Differentiate betwee 


tctable problem. 


зы requirements that in practice t 
rad computers, as well as on supercomputer 
lon sometimes called intractable to indi 
is better е, there is no realistic hope of a practica 
Ma iul scientists have attemp' 
č general] basis. One attempt to define 
tis in “A called the cook-karp thesis. 10 
is called tractable, and one that 1s П0 


but only about thé solvability of.A in the 


ngA " à И 
i do B. Reducibility also occurs in mathematical problems. 


ing? tion de al pro! 
ae of eet important role in classifying problems by decidability and 
aarti ^ 
puc Jexity theory. - i E : 
in 


ctable and intractable problem. ? (К. GE E, Dec. 2014) 


. What is tra 
o Or 2 
What is tractable and untractable problem 2- (R.GPE, June 2015) 
Or 
Discuss tractable and intractable problem. = ` (Е.СР.К, Dec. 2015) 
Or - Е 


n tractable апа untractable problems. 
(В.СРИ, Dec. 2016) 


cution time can be determined by a polynomial 


Ans, Algorithm whose exe К 
nthesize ofinput or can be bounded by sucha polynomial are called polynomial 
ime algorithm. 

are called 


Problems which can be solved by a polynomial-time algorithm 
Certain computations, although t ssible, have such high 

they must be rejected as unrealistic оп 
ters yet to be designed. Such 
cate that, while in principle 
1 algorithm. To understand 
t the idea of intractability 
е is made in what 
thesis, à problem: 
be intractable. 


heoretically po: 


ted to ри! 
the term intractabl. 
In the cook-karp 
t is said to. 
0.44. Wri 
+ Write a bri tractable problems. 
rief note on untract (R.GR¥s Dec. 2009, 2012) 
Wy; Or 
йе a short note on intractable problem.” 


Any, 
б *- Refer the ans. of О.43. 
45. 
Define the term class Р. 


(Е.СРИ, Рес. 2007) 


Explai : : 
Plain P_class problems with suitable example. (R:GRV.,, June 2013) 
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Ans. P is the class of problems which сап be solved b; 
ns. 


aad ya Sinple tag 
deterministic turing machine in polynomial time. Шу 
So, P= |J DTMEQ*) 
к>1 : 
Example of P-class problem is— The PATH problem (Is there a Path from 
stot?) 


0.46. Define the term class NP. 
Or 
Explain NP class problem with suitable example. (R.GB.V, Dec, 2014) 
Ans. NP is the class of problem which can be solved by a non-deterministic 
turing machine or it is a class of those languages which can be accepted by a 
non-deterministic turing machine in polynomial time. ` 
So, 


NP = | J NTIME(n*) 
кы 
` The types of NP-class problems are given below — 

() NP-complete (ii) NP-hard. 

Some examples of NP class problems are as follows — 
G) Travelling salesman problem 
Gi) Graph colouring problem 
Gii) Hamiltonian problem 
(iv) Vertex cover problem 
(v) Subset sum problem. 

0-47. Explain P and NP type of problem. Write any three examples d 

Por NP type problem. 


(R.GB.K,, Dec. 2017) 
: Ans. Refer to Q.45 and Q.46. | 


0.48. Define the relation between Р. and NP. 


Or 
t from NP class problem ? 16) 
(R.GRV., Dec. 20 
E "n 
o the NP class problem but thé ree 


How P class problems differen 


___ Ans. Every 
is fundamental ш 
5о, 


P-class problem is als 
nsolvable problem. 


PcNP ‘quick! 
Be ia the class of language for which membership can be decided ШШ 
NP is the class of language for Which membership can be verified qu^ 2 


UW LTS 
= NP is the fundamental unsolvable problem in theory 
c Por P no known whether there exist some language in NP, 
pbe ation. It a deterministic turing machine accepting it. Fig. 5.32 
v 
s not ha 


doe нес of relationship between P and NP, in which only one 
pich wo possibilities | 
t 


СР) ме 


(а) (b) 
Fig. 5.32 Either (a) or (b) is Correct 
Explain P and NP problems. (R-GPBV., June 2016) 
0.49. Exp. xt i "S 
Define P and NP problems. (R-GPE, Dec. 


Ans. Refer to Q.45, Q.46 and Q.48. 


0.50. The set of all languages whose complements are in a е" mm 
(0-NP. Prove that NP — CO-NP if and only if there is vi hs gin 
problem whose complement is in NP. f Es : ^ еи 
Ans. The “only if ” part is obvious. For the "uf part posue 
(mplete problem, and suppose S' were in NP. Since each L in NI Page 
cible to S, each Z is log-space reducible to 5. Thus, Z is in NP. 


-hard problem. 
0.51. Write short note on NP-complete vs NP. RGP K, Dec. 2013) 


Or 
Difference between NP-complete vs NP-hard Hot June 2016) 
a МР. 
" Ans. The Study of the relation between the борун Кш ibis 
à qe nerated particular interest among computer scien! : 
Question Whether or not — эы 
. P-NP : Р 
umy, 15 one of the fundamental unsolved acne енн e 
uq rion, To explore it, computer scientists have B coda Toten 
Meakin N°ePtS. One of them is the idea of an NP-comp таит a soie 
aq ы an NP-complete problem is one that is as hard аз any À 
a © Sense is equivalent to all of them. ee 
bie he Buage L, is said to be polynomial-time reducible to ee ae 
Ste exists a deterministic Turing. machine by which. any uj i 
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6, Discuss the. relationship between class. P; NP, NP c дарр ий 


alphabet of Lj can be fransformed in polynomial time to a uzin еар Д oblems with example of each class. ` 
ara rege ЕИ ‘of ord P" б Or 


L; in such a way that uj eL, iffu; eL. 

We can see that if Li polynomial-time reducible to Z, and ig; q В NB, NP hard and NP complete problems 
Гу eP. Similarly, if L2€ NP, еп Гуе NP. DE 25.» tn (ROBY. Dec. pos 

A language L с (0, 1)* is NP-complete if а : 
(). Le NP, and аб — 
Gi) L'S, L for every L' e NP. s Xa pcomplete and a м 
fal satisfies the property (ii), but not i | Tans, Refer to Q.48. for P gno"we, ‚ЧА ie PO 
dur is NP-hard. 31 эла К © @, х oblem L is NP-hard ifand only if satisfiability reduce to L (satisfiability 
ily fr hese definiti hat if ; i | roblem is AP-complete if and only if L is NP-hard апа Г. є МР. АП 
М үк cd "S vides nius ена и NP cont р ete and complete problems аге NP-hard but all NP-hard problems cannot be NP- 
polynomial-time reducible to 2, then Z, is also NP-complete. The implication anny If an. NP-hard problem сап Бе solved in polynomial time then all 


of this definition is that if we can find a deterministic polynomial-time algorithm \p-complete problems can also be. solved in polynomial time. 
/P-complete. However, an optimization 


Jain relation between 


diugra- Op 
and explain commonly believed relationship between class P, NP, 
ч + (EGRE, Рес. 2015) 


ш 


Apt 
LD). A.P! 


wee hee oS чу ашнен үр sho ur S Only a decision problem can be №) lov : 
А _ А оет may be NP-hard. Furthermore if L, is a decision problem апа L, an 

MS o Me уы ы “ч simization problem, then it is possible that Z; ос L5. One can trivially show 

Рт. aman Sine reduction aud NP completeness |i let the knapsack decision problem reduces to the knapsack optimization 

hoblem. For the clique problem one can easily show that the clique decision 


(ii) Cook’s theorem. 1 
(.GPF, Di ec. 2010) ioblem reduces to the clique optimization problem. In fact, one can also 
llow that these optimization problems reduce to their corresponding decision 


Ans. (i). Polynomial Time Reduction and NP-co 
'blems. Fig. 5.33 shows the relationship among these classes. 
Í Xm «5505 


0.51. ‘ н ae. 
: (ii) Cook's Theorem — The statement that the satisfiability problem ` 
is NP-complete is known as Cook’s theorem. NP-complete 


mpleteness — Refer to 


0.53. Explain Cook's theorem. . (R. GB, Dec. 2011) 


Ans. Refer to Q.52 (ii). = 


0.54. Explain P, NP, NP complete problems with example. 
(R.GPV, Dec. 2012) 


Ans. Refer to Q.45, Q.46 and О.51. 
ard 


0.55. What do you understand by P, NP. NP complete and NP h 
problems. a (R.GBV, June 2 010) 


Or EI 


ANP-hard 


Fig. 5.33 


0.57, What is NP hard problem? (R.GRV., June 2011, Dec. 2016) 


Or < 
on it. 


` Define the following — 
What ite a brief note і 
are NP hard problems ? Write a brief ! R.GBV, Dec. 2009) 


() Polynomial problems 
(i) Non-deterministic polynomial (NP) problems 
(iii) NP-complete problems 


(iv) NP-hard blems. 
rd problems. or : (R.GBV,, June 2015) 


Exp); 
4 lain what is NP-hard problem. 
"5: Refer to Q,51 and 0.56; 


(RGR, pec, 2010 


Ans. Refer to Q.45, Q.46 and Q.51. 
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Q.58. Write short notes (any three) = 
(i) Recursive and recursively enumerable language 
(ii) Halting problem 
(iii) NP-complete vs NP-hard T 
(iv) CNF х bras. 


(vy) NPDA. 
(R.GPY, 


Ans. (i) Recursive and Recursively Enumerable Language 
Q.30. : 


Nov. 2018) 
— Refer to 


(ii) Halting Problem — Refer to Q.41. 
(iii) NP-Complete vs NP-hard — Refer to Q.51. 
(iv) СМЕ — Refer to Q.12, Unit-III. 
(v) NPDA — Refer to Q.12, Unit-IV. 
Q.59. Explain satisftability problem. 
Or 
Write short note on satisfiability problem. 
Ans. An expression is satisfiable if there is some assignment of 0% and 
178 to the variables that gives the expression the value 1. The satisfiability 
problem is to determine, given a Boolean expression, whether it is satisfiable, 
We may represent the satisfiability problem as a language L, as follows- 
Let the variables of some expression be Xp Xj Xy for some m. 
Code x; as the symbol x followed by i written in binary. The alphabet of L.., is 
thus. \ 
~~ n 


(R.GP, June 2015) 


US v. = G) x, 0, 1}. 

The length of the coded version of an expression of n symbols is 
easily seen to be no more than [л log, л], since each symbol other than а 
variable is coded by one symbol, there are no more than [n/2] differen 
variables in an expression of length n and the code for a variable requires 
no more than 1 + [log, л] symbols. We shall henceforth treat the word in 
Lat Tepresenting an expression of length z as if the word itself ware 0 
length n. Our results will not depend on whether we use n or n log” i 4 
length of the word, since log ( log n) < 2 log n, and we shall deal with ot 
space reductions. 


0.60. Show that the satisfiability problem is NP-complete. 


Ans. To determine if an expression of length n is satísfiable, 1 |Р 
deterministically guess values for all the variables and then evalu?t^: 
expression. Thus / is in NP. | 
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how that every language in NP is reducible to Lao for each NTM M. 
m e bounded by a polynomial p(n), we give a log-space algorithm that 


mi M А " 
jat js t input а string x and produces a Boolean formula Е, that is satisfiable 


p gem y if M accepts x. We now describe £, ; 
P # fo By # ..... # By, be a computation of M, where each £, is an ID 


ting of exactly p(n) symbols. If acceptance occurs before ће p(n)th 
e we.allow the accepting ID to repeat, so each computation has exactly 
m 1 ID's. In each ID we group the state with the symbol scanned to form 
y? le composite symbol. Numbers are assigned to moves by arbitrarily 
к Ж the finite set of choices that M may.make given a state and tape 
jymbol. 1 j К X : à 

For each symbol that can appear in a computation and for each 7; 0 € į < 
in) + 1)2, we create a Boolean variable C; to indicate whether the ith symbol 
athe computations is.X. The expression Е, that we shall construct will be 
пе for a given assignment to the C;.s if and only if the C; "s that are true 
twrespond.to a valid computations. 

The expression £, states the following — 

G) The C,,’s that are true correspond to a string of symbols in that 
ашу one. C;. is the true for each i i-re 
. Gi) The ID fp is an initial ID of M with input x 

| . (iii) The last ID contains a final state 
| (iv) Each ID follows from the previous one by the mo 
| indicated, . did а pes 

The first formula, stating that for each i between 0 and (p(n) + 1)? — 1 


Касу one C, is true is 
A 
i [уе ^ y (i ^ Gg JI 
x x+y 


For a given value of i the term vxC;, forces at least опе Cy to be true and 


Ж 
Vex Y (C, ^ C,y) forces at most one to be true. x 
ctx =a L az a.. The second formula expressing the fact that fis 

, E 


Ninit ` 
initia] Tp is in turn the AND of the following terms. 


(i) ConA C, 


* 


ve of M that 


© first Symbol of fy is correct ў Х 
ili) A, ., Са„ The 2nd through nth symbols of Ay are correct 


(iv) A, sispoyCu The remaining symbols of Ay are blank. 
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- The 3rd formula says that the last ID has an-accepting State, t á 
writtenas.: Озы зг bay otra Оң dn eie bers 
: i ` i v А A v x КУТЫ ^» ^ 
| р 2 x n Д Dialis. 

р(п)(р(п)+1) «i < (р(п)+1) ne } А in 


where F is the set of composite symbols that include a fasi ath ba 
A predicate f (W, X, Y, Z),that is true if and only if symbol Z could tal 

in position j of some ID given that W, x and Y are the symbols in Positions 

j= 1 andj + 1 of the previous ID [W is # ifj = | and Y is # itj -j 

is convenient also to declare f (W, #, X, #) to be true, зо we can’ 

markers between ID's.as we treat the symbol within ID's, We can now 


-the fourth formula as — p. uw 


^ xad. (Снос С poi AG ) 
; 1 | WXYZ such ý 2 АИ 
р(п)сі<(р(п)+1) л) › A x3 
` Given an assignment of truth values making E, true, the four TOES 
above guarantee that there is an accepting computation of Mon x. ` 
The formulas composing E, are of length [^ (р? (п)) and are sufficiently 
simple that a log-space TM can generate them given x on its input, the ТМ 
only needs sufficient storage to count upto (p(n) + 1). Fm n 
Since the logarithm of a polynomial in nis some constant times log 7, 
this can be done with О (log л) storage. We have thus shown that every 
language in NP is log-space reducible to Іа proving that L,,, is NP-complete. 
Prove that satisfiability is NP 


Q.61. Discuss satisfiability problem. 
(R.GPE, Dec. 200) 


complete. 
Ans. Refer to Q.59 and Q.60. _ uii 
0.62. Show that the І. the satisfiability problem for CNF expressi? 
is NP-complete. "A ME CHE 
: n 
is. We reduce L, t° Lesa ү, 
n. Certainly ! 
Эз umber 


Ans. Clearly ы, is in NP, since Т, 
follows. Let E be an arbitrary Boolean expression of length 
number of variable occurrences in E does not exceed n, nor does then 
of ^ and v operators. Using the identities — ; 


—(Е л Ез) = -(Еу)У-(Е,) nal 
(Еру Е) =3(£1)A7(£2) 
IE, 


GCSE 
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wéi can transform £ to-an equivalent expression £’, in which the | 
tors are applied only to variables, never to more complex expressions. 
oP ана У of equation (i) may be checked by considering the four assignments 

e mod and 1 to Е and Е,. Incidently, the first two of these equations are 
of " im DeMorgan's Jaws. "m 
po We create E", an expression in, CNF that is satisfiable. If and only if £' is 
gisfiable- Let V, and V, be sets of variables with V, c И). s 

We say an assignment of values to V, is an extension of an assignment of 

di to Й. If the assignments agree on the variable of Vj. We shall prove by 
duction on r, the number of ^'s and v's іп an expression £’, all of whose 
gations are applied to variables, that if |E']= n, then there is a list of at most 
;clauses, Еу, F2 Еу over a set of variables that includes the variables of 
fand at most п other variables, such that Е is given value 1 by an assignment 
pvariables if and only if there is an extension of that assignment that satisfies 


F, and б\, с. . 


bss Let y, be the variables introduced by the ith И. The final expression is the 
eal AND of clauses, where each clause contains a literal-of the original 
'ssion. In addition, if the literal is in the left subtree of the ith v, then the 


duse also contains Yp if the literal is in the right subtree of the ith v, then the 


me contains y,. The input is scanned from left to right. To determine 
% = Угѕ and y,'s to include in the clause, we use a counter of length log n 
m nember our place on the input. We can scan the entire input, and for v 
tinh Say the ith from the left, we determine its left and right operands; 
[ i Another counter of length log л to count Rene 1E me curis 
} me the left operand, generate у, ifit is in thie rig t operand, ge 

in neither operand, generate neither y; nor у;. 
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We have thus reduced each Boolean expression E to а CNF: is 
E" that is in Г if and only if E is in Бш. Since the reduction is accomplish, 
in log-space, the NP-completeness of L.., implies the NP-completenes, м 
L 


csat’ 
0.63. Prove that the Г... the satisfiability -problem 
expression, is NP-complete. 
Ans. Clearly, Г... is іп NP, since La is. Let E = Fra M ЕЩ a 
be а CNF expression. Suppose‘some clause F has more than three ‘literals an, 


for 3:CNp 


Fy У ОУ .:.... Ji s. 


VY)^ (o4 v J» vy) 

40) 

Then F; is satisfied by an assignment if and only if an extension of the 

assignment satisfies (i). An assignment satisfying Р, must have = 1 for 

some j. Thus assume that the assignment gives literals 01, 05.0, the 

value 0 and а, the value 1. Then y,, = 1 form <j-2 andy, 70 for т> j-| 
is an extension of the assignment satisfying (i). 


Conversely, we must show that any assignment satisfying (i) must have 
95 — 1 for some j and thus satisfies F ; Assume {о the contrary. that the 
assigüiment gives all the а9 the value 0. Then since the first clause has value 
1, it follows that yı = 1. Since the second clause has value 1, y, must be 1 and 
by induction Ум = 1 for all m. But then the last clause would have the value 0, 


contradicting the assumption that (i) is satisfied. Thus any assignment that 
satisfies (i) also satisfies Fy 


The only other alterations necessary are when F, consists of one or two 
literals. In the latter case replace Ор v a by (o, v a v y) AGYS 
V у), where y is a new variable, and in the former casean introduction of two 
new variables suffices. Thus E can be converted to a 3-CNF expression that 
is satisfiable if and only if E is satisfiable. The transformation is easily 
accomplished in log-space. We have thus a log-space reduction. of Lest f? 
L331 and conclude that ES NP-complete. 


Q.64. Explain vertex cover problem. (R. GB, Dec. T d 
Or 

Write short note on vertex cover problem. 
Or 

Explain vertex соуер problem with suitable example. 015) 

R.GRY, June? 


(R.GPV, Dec. 2013) 


Or 


Define and discuss vertex cover problem. (R.GP.V, Det 


2019 
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Ans. Let G = Opie be an (undirected) graph with set of vertices V and 
Е. A subset А с V is said to be vertex cover of G if for every edge (v, w) 
оір?» t least one of v or w is in A. 
и Phe vertex cover problem is — given a graph Gand integer F., does G 
a vertex cover of size Ё or less ? ў 
“ъ represent this problem as a language L, consisting of strings of the 
— k in binary, followed by a marker, followed by the list of vertices, 
vere v, is represented by v followed by i in binary, and a list of edges, where 
v ») is represented by the:codes for v; and v; surrounded by parentheses, 
» consists of all such strings representing and G, such that G has a oix 
cover of size К or less. 


h 


0.65. Prove that the L,., the vertex cover problem, is NP-complete. 
Or 
Prove that vertex cover is NP-complete problem. 
(R. GP. E, June 2011, Dec. 2011) 
Or 
Prove that vertex cover problem is NP-complete problem. 
(GP. E, Dec. 2014) 


Ans. Let A subset of k vertices and check that it covers all edges. This 
may be done in time proportional to the square of the length of the problem 


representation. І. і shown to be NP-complete by reducing 3-CNF satisfiability 
to L 
ус" 


Let F = ое, та. A Ж be an expression in 3-CNF, where each 
F, is a clause of the form (0 v a v аӊ) each a; being a literal. We 
construct an undirected graph С = (V, E) whose vertices are pairs if integers 
2, 1 <j € 3. The vertex (i, j) represents the jth literal of the ith 
cluse, The edges of the graph are 

G) Ij), (i, 0] provided j+ k and 

G) IGA, & D] if ay =~ ay. 
Each Pair of vertices corresponding to the same clauses are connected 


У an edge in (i). Each pair of vertices corresponding to a literal and its 


“omplement are connected by an edge in (ii). 

C has been constructed so that it has a vertex cover of size 2g if and only 

Rach Satisfiable. Assume F is satisfiable and fix an assignment satisfying F. 

tach clause must have a literal whose value is-L; Select one such literal for 

дү ause, Delete the q vertices corresponding to these literal from F. The 

Vertey ne vertices form a vertex cover of size 2q. Clearly foresch iy опу. опе 
Of the form (ij) is missing from the cover, and hence each edge in (i) 
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is incident upon at least one vertex in the cover. Since edges in 
upon two vertices corresponding to some literal and its со 
since we would not have deleted both a literal and its comple 
other of these vertices is in the cover. Thus we indeed have a 


Gi) are inciden 
mplement, ang 
ment, one OF the 
Cover of size 24. 
Conversely, assume we have a vertex cover of size 24, for each i the 
cover must contain all but one vertex of the form (i, j) for if two Such vertice. 
were missing, an edge [(7, j), (i, A)] would not be incident upon any vertex in 
the cover. There can be no conflict because two vertices not in the cover 
cannot correspond to a literal and its complement, else there would bean edge 
in group (ii) not incident upon any vertex of the cover. For this assignment F 
has value 1. Thus F is satisfiable. We can essentially use the variables names 
in the formula F as the vertices of G, appending two bits for the J-component 
in vertex (i, j). Edges of type (i) are generated directly from the clauses, while 
those of type (ii) require two counters to consider all pairs of literals, Thus we 
conclude that І. is NP-complete. 


Q.66. Describe vertex cover problem. 
Or 
Explain vertex cover problem briefly. 


Ans. Refer to Q.64 and Q.65. 


(К.СР.И, June 2016) 


(R.GP.V., Dec. 2016) 


Q.67. What is Hamilton circuit problem ? Prove that directed Hamilton 
зігсий is NP-complete. ` (R.GP.V., Dec. 2009) 
Or 
What is Hamiltonian path problem ? Discuss with example. 
(R.GPV., June 2011) 
Or d 
Write short note on Hamiltonian path problem. 
(R.GPVs Dec. 2013, June 2015) 
Or 
© Describe Hamiltonian path problem. 
m OP 2016) 
What is Hamiltonian path problem ? Explain. (R.GPV, Dec. 2010 
- Ans. The Hamiltonian circuit problem is— Given a graph G, does вош п 
їһ that visits each vertex exactly once and returns to its starting po" ( ү. 
fe: first show that HAM-CYCLE belongs to NP. Given a graph Cri 
т certificate is the sequence of | vertices that make up the Hami eat 
The verification algorithm checks that this sequence got jl 
‘in V exactly once and that with the first vertex repeated at th ai í 
"а cycle:in С. This verification can be performed in polynomial 


(R.GB.K,, June 2016) 
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We now prove that HAM-CYCLE is NP-complete by showing that 3 
.sAT < pHAM-CYCLE. Given a3-CNF boolean formula pover variables 
СМЕ My with clauses C}, [op C, each containing exactly 3 distinct 
tp = we construct a graph G = (V, E) in polynomial time such that G has a 
ШО пай cycle if and only if ф is satisfiable. Our construction is based on 
pra which are pieces of graphs that enforce certain properties. 
i > 


@ 


Fig. 5.34 


Our first widget is the subgraph A shown in fig. 5.34 (a). Suppose that 4 
isa subgraph of some graph G and that the only connections between A and 
the remainder of G are through the vertices a, a’, b and p. Furthermore, 
Suppose that graph G has a Hamiltonian cycle. Since any Hamiltonian cycle of 
G must pass through vertices z,, Z», 2; and z4 in one of | the ways shown in fig. 
534 (b) and (c), we may treat subgraph A as if it were simply a pair of edges 
4, 4) and (b, b') with the restriction that any Hamiltonian cycle of G must 
Include exactly one of these edges. We shall represent widget 4 as shown in 
бв. 5.34 (а). 

The subgraph В in fig, 5.35 is our second widget. Suppose that Bisa 
‘ubgraph of some graph G and that the only connections from Bto the remainder 

С аге through vertices by, by, b3 and b,. A Hamiltonian cycle of graph G 
cannot traverse all of the edges (5j, b2), (5, 53) and (5, by). since then all 
vertices in the widget other than b}, bz, 5; and 5, would be missed. However, 
a amiltonian cycle of С may traverse any proper subset of these edges. Fig. 
" (а) to (е) show five such subsets; the remaining two wks z e. 
^ tained by performing a top-to-bottom flip of parts (b).and (е). h = wi к 

Тергезергей as in fig. 5.35 (0), the idea being that at least one of the ра À 
Pointed to ty the arrows must be taken by a Hamiltonian cycle. 
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e ` (е) 
Fig. 5.35 


* The graph G that we shall construct consists mostly of copi 


es of thes? 


two widgets. The construction is shown in fig. 5.36. For each of the k clauses 


together in 


in @, we include а copy of widget В, and we join these widgets ei 
of wide? 


ens as follows. Letting b; be the copy of vertex bj in the i” copy 
» Уе connect b, 4 to Б, у т fori- 1,2, sns k= 1. 

ü Then for each variable x,, in ø, we include two vertice: 
теве two vertices are connected by means of two copies of 

Ж ЭҢ which are denoted by е„ and ё„. The idea is that if the 


s x, and Ey 
the edge Cw 
Hamilton? 
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edge €» it corresponds to assigning variable Xy the value 1. If the 
es cycle takes edge £5 the variable is assigned the value 0, Each 
ilto та edges forms а two-edge loop; these small loops are connected in 
1 P ng edges Guo X + D for m =], 2, =. N — 1. The left (clause) 

is connected to the right (variable) side by means of two 


(by x) and (by as х) which are the topmost and bottommost edges 


f a 


f graph С, since we have 


struction 0 6 
ah Jiteral of clause с; 15 Хш, then 


relate the variables to the clauses. s = |, ee chy ae 
t "n widget between edge (5; БА D 
se clause C; is (ху v X3 V xj 


TAG are not yet finished with the con 

o 

ve 

ass ап А widget to connect edge (bip 
wuse c, is — х» then we instead pul 

"i Be Zp . In fig. 5.36, for example, becau 

Place three 4 widgets as follows — 

G) between (Бу bp) and ^ 

(i) between (b; 52,3) and ё 


(iii) between (55 bza) and ез. 


We 
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Note that connecting two edges by mea i 
replacing each edge by the five edges in, the pene actually entaj 
of course, adding the connections that pass through the "d he эм (à) an | 
given literal /, may appear in several clauses (for exam moe as well, 4 
and thus an edge €, 0r Em may be influenced by Ned » ш fig, 5.36) 
example, edge 2; ). In this case, we connect the A widgets in ee (for 
es, as shown 


in fig. 5.37, effectively replacing edge e, ог Z} by a series of ed 
ges, 


(b) The actual Subgraph Constructed 
De Fig. 5.37 
e claim that formula ¢ i i i i i 
alera dye. We i E 18 satisfiable if and only if graph G contains à 
Tecoma yee. suppose that Ghas a Hamiltonian cycle ^ and 
d is уш Cycle / must take a particular form — 
i irst, i Я 
TUM t, it traverses edge (b, |, x';).to go from the top left to the 
Gi) Itthen follows all of the x i 
Dey X, andia" „vertices from top to bottom, 
choosing either edge Cm OF edge Zy, but not both. е 
(ii) n next traverses edge (b, 4, x") to get back to the left side 
| (iv) Finally, it traverses the B widgets from bottom to top 0n the le 
шя a Hamiltonian cycle h, we define a truth assignment for dal 
- If edge е, belongs to h, then = ise, edge fn 
belongs to л, and we set x, = 0. vehi utin 
p nad claim that this assignment satisfies ø. Consider a clause C; and t 
| sponding В widget іп С. Each edge (b, „ b, , , ,) is connected by ?* 


(a) A Portion of Fig. 5.36 


Lp hj+l 
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ther edge €m OF edge 2, , depending on wheth i 
^s lause. The edge (b, , b, ., ,)i Donum Oi DUM Vie 
P al in the clau: ; > (5; j» D, j+ 1) is traversed by h if and only if 
[з onding literal is 0. Since each of the three edges (b, |, bi); (5; 

vi bj 4) in clause С, is also in a B widget, all three cannot be traversed 
Hamiltonian cycle Л. One of the three edges, therefore, must have a 
[gesponding literal whose assigned value is 1, and clause С, is satisfied. This 
perly holds for each clause C; i = 1, 2, ...., k, and thus formula ¢ is 
іе. | 

onversely, let us suppose that formula ¢ is satisfied by some truth 
@ à y 
t. By following the tules from above, we can construct a Hamiltonian 


uet o 


үлтеп 1 
le for graph G — traverse edge e,, if x, = 1, traverse edge 2, Их = 0, 
|4 traverse edge (b; 5, 5; j PD if and only if the / literal of clause С, is 0 


ler the assignment. These rules can indeed be followed, since we assume 
luts is a satisfying assignment for formula ¢. 

Finally, we note that graph С can be constructed in polynomial time. It 
lntains one В widget for each of ће k clauses in ф. There is one A widget for 
ach instanceof each literal in ф, and so there are 3 kA widgets. Since the 4 
ind Bwidgets are of fixed size, the graph G has O(K) vertices and edges and 
scasily constructed in polynomial time. Thus, we have provided a polynomial- 
ine reduction from 3-CNF-SAT to HAM-CYCLE. 


0.68. What is travelling salesman problem 2 
Ans. The travelling salesman problem is.— Given z cities, the distance 
ktween them and a number D, does there exists а tour programme fora 
езтап to visit all the cities so that the total distance travelled is atmost D ? 
blem is NP-complete. 


0.69. Show that the travelling salesman pro: 
d (R.GP.V., Dec. 2010, 2013) 


Ans. We first show that TSP (travelling-salesman problem) belongs to 
rtificate the sequence 


it, Given an instance of the problem; we use as à се à 4 
"Vertices in the tour. The verification algorithm checks that this sequence 


ай each verte: 89 
тыч i rtex exactly once, sums ир the edge costs, mg ses 

A is a Thi certainly ne in polynomial 
ime er the sum is at most k. This process can certain! be done in poly 


ow that HAM-CYCLE <р TSP. Let 
E. We construct an instance of TSP 


q. То Prove that TSP is NP-hard, we sh 
V, E), where E = (JY: LJ € 


& "e be an instance of HAM-CYCLE: W 
rd ws. We form the complete graph О' = 
We define the cost function с by 

о 10,02, 
<) = f Л €£- 


Ре; 
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The instance of TSP is then (С, c, 0), which is easily formed j 
time. 

We now show that graph G has a Hamiltonian cycle if ап 
G' has a tour of cost at most 0. Suppose that graph G has a Har 
h. Each edge in h belongs to E and thus has cost 0 in G', Thu 
G' with cost 0. Conversely, suppose that graph G' has a tour }' 
0. Since the costs of the edges in Е are 0 and 1, the cost of to 
0. Therefore, h' contains only edges in E. We conclude that h is 
cycle in graph G. 


Q.70. What is NP complete problems ? Show that travelling salesman 
(R. GP, Dec, 2012) 


problem is NP complete. 
Ans. NP Complete Problems — Refer to Q.51. 
Travelling Salesman Problem — Refer to Q.69. 


Q.71. Discuss travelling salesman problem. (R.GPF., Dec. 2011) 
Or 

Explain travelling salesman problem. (R.GP., June 2010) 
Or 


Discuss and explain travelling salesman problem. (R.GP.V., Dec. 2015) 
Ans. Refer to Q.68 and Q.69. = 


Q.72. Write short notes on — 
(0 NP-hard problem 


(ii) Travelling salesman problem. : 
(R.GPV, Dec. 2014) 


Ans. (i) NP-hard Problem — Refer to О.51 , 
(ii) Travelling Salesman Problem — Refer to Q.68 and Q.69. 


Q.73. What is the partition problem ? 
Ог 


2011) 

-Discuss partition problem. (GP, Л E а 

' Ап. Given a list of integers i,, 58... i, does there exist a ii pin 
sumis exactly 1/2 (i; +i, + .... + ij). Note that this problem m MIT 


P until we remember that the length of an instance is not i + 2 + fixed base 
the sum of the lengths of the i;’s written in binary or some othe 


n polynonj 


d only if aranh 
miltonian сус 
S, his tour in 
of cost at most 
шг exactly 
a Hamiltonian 


(c) 


11. (а) 


(b) 


B.E. (Fifth Semester) EXAMINATION, Dec. 2008 - 
(Computer Science & Engg. Branch) : 
THEORY OF COMPUTATION 
(CS-505) : 


‘Attempt any two questions from each Unit. All questions carry equal marks. 
Unit-I 

Design a FA which accepts set of strings containing four 178 in every 

string over alphabet X = (0, 1}. (See Unit-L. Page 21, Prab.1) 

Convert the following NFA into DFA. 


(See Unit-I. Page 35. Prob.23; 


calculates mod-4 for each binzry 
(See Unit-I, Page 38. Prob.23} 


Construct a Moore machine which 

string treated as binary integer. 
Unit-II 

Write regular expression for the follo 

The set of strings over alphabet (a, b, с 

at least one b. 

Give english description of the lan 


expression — 
(0* 1*)* 000 (0+ 1)* 


wing language — 
} containing at least опе а and 

(See Unit-II, Page 63. Prob-3) 
guage of the following regular 


(See Unit-IT, Page 63, Prob.) 


ith € sition — 
: ssion to NFA* with € transition" 
Convert the following Am express! (See Unit-I Page 83, Prob.) 
Unit-Ill diae 
Prove that the following is not iege om gth 
Опа 2 1) К ре ved by an equal lengi 
This Mss dure: ofa string of pss jas S1. Prob.27) 
string of 17, is the language Lor he towing languages — i 
Design context free grammars xd © all strings of one ог more ve 
The set £0"1"n = 1} ie» the se E EE ли, Page 147, Prebs2 
Ыру а БУ di equal number of ps. (See Uni 
Consider the grammar E Ly aS | а$58| € 
ini pa 


This gr: rticular hat the string aab 
F icular that th 

Phi ri iguous. Show 1 

hi grammar 15 ambig o 


theory of Computation (V-Sem. I.T. Branch) 


Write short notes — 
G) Satisfiability problem 


(See Unit-v, Page 252,9 59 
Gi) Hamiltonian path problem. 19) 


(See Ошу, Page 258, Q 67) 


. B.E. (Fifth Semester) EXAMINA’ 


THEORY OF COMPUTATION 
(CS-505) 


compulsory and D part has internal choice. ‚ш 
Gi) АП parts of each questions a 
(iii) All questions Carry equal marks 
(Max. 50 Words) carry 2 marks. 


(See Unit-II, Page 85, Q.20) 
in the properties of transition 


(See Unit-I, Page 4, 0.4) 
(c) Design deterministic fine automation accepting the following 
languages over the alphabet (0, 1) - 
(1). The set of all words ending in 00, 
(i) The set of all Words except e; 
(iii) The set of all words that begin with 0. 


(See Unit-I, Page 15, Q.14) 


Sure properties of regular languages f 
State th Properties. State Pumping Lemma and show 18) 
L= (аі 1} is not a regular language. (See Unit-II, Page 61, Q. 
(24) 


Or 
What do you mean by clo: 
tate these 


TION, Dec. 2015 


(b) 


(9) 


(а) 
(b) 
(c) 


E 


Theory of Computation 


Show that the following grammar is ambiguous 


S — aSbS|bSaS|e : (See Unit-ITI, Page 110, Prob.11) 
What are leftmost and rightmost derivations ? Explaín with suitable 
example. 


(V-Sem. I.T, Branch) 


(See Unit-IHIT, Page 97, 0.7) 
Why CFG is not considered adequate for describing natural language ? 
Explain with suitable example, (See Unit-III, Page 96, Q.2) 
What do you mean by normal forms ? Reduce the grammar G with 
following productions to CNF. 
S — ASA|bA 
A Э ВІ 
Bc 


(See Unit-III, Page 122, Prob.31) 
Or 
What. do you mean by useless production ? Consider the grammar 
G-(VTP S) where V, T, P. S are given as — 
МЕ (S, A,B, C, E) 
T = (a, b, c) 
S — (S) and 
P consists of 
S— AB 
А> а 
Bob 
BOC 
Ec А д 
men from the above grammar. 
Eliminate useless symbols and ат Page 116, Prob.22) 
Р mg description of PDA. 
What is PDA ? Explain instantaneous С ee HIEI Page 156, 0.6) 
Р the FA. 
Рема шн (See Unit-IV, Page 156. ya 
€ (a, b)*InG) > m09: 
Design a PDA to accept he Ear фын Page 169, Prob.12) 
Consider the grammar — 
S — aA 
А — aABC|bBja 
Bob PTS 
Cc ; is grammar. Also provide nx 
onding to this gra ine in the language 
win L and the lefmost derivation for any V. Page 191, Prob?) 
de РА у малер (Gee Unit-IV, Page 191, Pro 
en oia Ог ages may ог may not be 
i i context-free language: Page 141, Q.24) 
The intersection of two (See Ой, Pag 
context-free, 


(25) 


Theory of 


4, (a) Differentiate the purpose of the study 


Computation (V-Sem. 17; Branch) 


Also write an algorithm for a given any context-f 
termine whether or not it can generate any ae 


grammar to de 
of Turing machine with Finite 


Automata/Pushdown Automata. 


(See Unit-V, Page 194, Q3) | 


Theory of Computation (V-Sem. LT. Branch) 


1/1 0/2 
OSBOSBOL 
1/0 0/1 


(See Unit-I, Page 44, Prob.34) 
and explain Myhill-Nerode theorem. (See Unit-II. Page 58. 0.14) 


(b) What is Turing-computable function ? Define recursive function 
(See Unit-V, Page 200, 09) (а) Write 
(с) How UTM overcomes the limitation of Turing machine ? Also define | : or 
: (See Unit-V, Page 205, Q. п) Construct NFA for the following grammar = - 
(d) Present a Turing machine that inserts symbol # in the beginning ofa | s — Abjab, А —> Ab|Bb, B > Bala (SeeUnit-I. Page 30, Prob.18) 
string on the turing tape. Assume х= (a,b). Unit-II Ж á 2 
(See Unit-V, Page 227, Prob.14) (a) Give СЕС for RE. (011 + 1)* (01)*.(See Unit-III, Page 153. Prob.65} 
Or (b) Explain GNF conversion steps. (See Unit-IIL Page 102.029 
Design a Turing machine that adds two numbers presented in binary (с) Explain ambiguous grammar problem. (See Unit-IIL Page 98. 0.9} 
notation and leaves the answer on the tape in binary form. (4) Convert the following CFG to CNF 
(See Unit-V, Page 228, Prob.15) 5 > ASB | € 
(a) Define P and NP problems. (See Unit-V, Page 249, Q.49) А aAS|a 
(b) Discuss tractable and intractable problem. (See Unit-V, Page 247, Q43) B > SbS|A| bb Y di 
(c) Draw and explain commonly believed relationship between class Р, j (See Unit-IIL, Page 124, Prb 
NP, NP-complete and NP-hard. (See Unit-V, Page 251, Q.56) EST 
(d) Define and discuss vertex cover problem. (See Unit-V, Page 256, Q.64) Convert the following grammar G into GNF 
Or S > ХА |ВВ 
Discuss and explain travelling salesman problem. B —b|SB 
(See Unit-V, Page 264, О.Л1) | X sp 
44 ега (See Unit, Page 138. Probi, 
B.E. (Fifth Semester) EXAMINATION, Jt | Unit- ee, 
THEORY OFCOMPUTATION а — | (See гий, Page e). 
С52505) w 5 |3. (a) Explain PDA. se PDA can accept (final out пий SIT" 
C у | ^ (p) Explain how many way s PD (See Спі У, M. 
9 а | сес Unit-III, Page 136 
x | А бог СЕ. Ge UP руа > 
xe: G) Answer five questions. In cach question part A, В, Qu (c) Explain pumping paite which accepts L= Es dem 3 
compulsory and. D part has internal choice. | (а) Design pushdown (See Unit-1 V. Page 
(ii) All parts of each questions are to be attempted at one place. Or ] en ГЪ glanced 
(iii) All questions carry equal marks, out of which part A and А До automata which x vade = И 
(Max. 50 words) carry 2 marks, part C (Max. 100 words) сапу Design a Mu ji) (See Unit- = 
3 marks, part D (Max. 400 words) carry 7 marks. | parentheses. Unit-IV (sie Uni V. Page 199,0. 
iv) Except numericals, Derivation, Design and Drawing ete. | x ; a machine- MT. 
ie Р Unit-I ad 4. (a) Explain ID ofa d етай] turing machine. v; Page 206.0.) 
(a) Design DFA that accepts all strings with at most 3 a's. jb (b) Explain multitape C нй Page 212, 0-25) 
(Бес Unit-I, Page 22, Pr hs hypothesis: ors a and b. 
(b) Design a NFA for (cbab" | n >= 0). (See Unit-1, Page 22, Prob. (c) Explain Church $ $i to add two nur М, 2235 Prob 22 
for the following Mealy machine. (d) Design turing mac y Ете 
(27) 


(с), Construct Moore machine 


P 


“ТОУ OF Computation (V-Sem: І.Т. Branch) 


theory of Computation (V-Sem. І.Т. Branch) i) So AB/aaB, A — a/Aa, B — b 
Or a © (See Unit-]II, Page 108, Prob.7j 
A x В H б т А" 
Design turning machine for accepting strings of the language defineg Eliminate unit, useless and €-productíons from the aida 
as (ooy/oe(0 + 1)*). . 2 aA/aBB, А — ааА/е, B > bB/bbC, C 5 B. : 
Unit-V f 5 (See Unit-II, Page 118, Prob.25) 
5. (a) Explain P and NP problems. (See Unit-V, Page 249, Q.49) Unit-III : 
(b) Difference between NP complete Vs NP hard problem. | Give the formal definition of PDA. (See Unit-IV, Page 155, 92) 
(See Unit-V, Page 249, 9.51) 13. (а) Define deterministic PDA. (See Unit-IV, Page 160. 0.10} 
(c) Explain process of reducibility. (See Unit-V, Page 246, Q.42) | (b) Explain the pumping Lemma of context free languages. 
(d) Describe hamiltonian path problem. (See Unit-V, Page 258, Q.67 | (с) (See Оп Ш, Page 136.015) 
Or (d) Design PDA to accept the language L(G) Б pues юш i 2 
Describe vertex cover problem. (See Unit-V, Page 258, 0.66) | re (See Unit-IV, Page 183, Prob.2j 
| 
| = (wwR/we(0, 1)* and 
Т | ign PDA to accept the language L(G) = {улу Уг є(0, 
i ) С | far reverse of word w}. (See Ünit-IV, Page 163, Prob.2) 
В.Е. (Fifth Semester) EXAMINATION, Dec. 2016 - | w^ 18, Unit-IV 
THEORYOFCOMPUTATION ^ ^ idable problems ? 
(CS-505).. m j 14. @ What are decidable and undecidable р (See Unit-V, Page 246, 0.407 


lote: (i) Answer five questions. In each question part A, B, C is 
compulsory and D part has internal choice. | 
(ii) All parts of each questions are to be attempted at one place. 


i i le set. 
(b) Give two properties of recursively € EA alae 02) 
(c) Explain the types of turing machine. (See Unit-V. Page 209, Q.73; 


e i = (ата) 
(d) Design turing machine for the an tee 225, Prob.13) 


(iii) АП questions carry equal marks, out of which part A and B А Ог = {атьта ш>], mt}. 
(Max. 50 words) carry 2 marks, part C (Max. 100 words) carry | Design turing machine for the Mo V, Page 224, Probi2} 
3 marks, part D (Max. 400 Words) carry 7 marks. it-V d 
(iv) Except numericals, Derivation, Design and Drawing etc. Unit- (See Unir-V, Page 251, Q5 
Unit-I |5. (a) What is NP hard problems ? t from NP class problem ? a 
(a) Define two way finite automata, (See Unit-I, Page8, Q.9) | (b) How P class problems differen (See Unit-V. Page 248, Q.48) 
(b) Define regular expressions. (See Unit-II, Page 50, Q.6) | . ? Explain. © T 
(с) Design DFA accepting the language over the alphabet 0, 1 that have (c) What is hamiltonian path problem ? ee Unit-V. Page 258, Qe 
the set of all strings ending in 00, (See Unit-I, Page 27, Prob.11) | table and untractable problems. —. о 
(4) Determine the DFA equivalent to the given NFA, | (d) Differentiate between trac (See Unit-V, Page 247, 
| , "» 
CNS Cu | Or say. (See Unit-V, Page 258. 0.66 
О E О = | Explain vertex cover problem briefly. ( 


я Ог Gee Unit-1, Раре37, Prob.26) TESOL (CRON) ce 
Explain Myhill Nerode theorem with example. » PE TION Dek 2017 
it- 2 , Q.I MI? api: 
T (See Unit-II, Page 58 Q EXAM ed Grading System (CBGS) 


(a) Define ambiguity. Т d x 
(b) Define CFG. (See Un age 98, 


А (See Опіє- ПІ, Page 95, Q.1) 
(c) Find L(G) for the grammar 5 — aCa, С —> aCa/b. ons. 


: ve questi i 
See Unit-III, Page 153, Prob.66) (i) Attempt any fiv al marks. jnon tible 
Кек = Е (ii) All questions сапу А А an NDFA whose push 
|" (а) Construct a DEA equivi 
^ defined by - . (29) 


Cite вы OF COMPUTATION 


Note . 
Ole: is 


(d) Prove that the given grammar is am К 


@) So aSb/SS/e 
2 (28) 


(See Unit-I, Page 33, Prob.21) 
(b) Construct a DFA accepting all strings w over (0, 1} such that the 

= number of 1’s in w is 3 mod 4. (See Unit-I, Page 30, Prob.17)7 
ad Prove (1 + 00*1) + (1 + 00*1) (0 + 10*1)*(0 + 10*1) = 
A 0*1(0 + 10*1)*, (See Unit-II, Page 70, Prob.13)7 


- (D Wrile the identities of regular expression. 1 
(See Unit-II, Раре 51, 07 


3. Construct a context free grammars to generate the following — 14 
а) omm m>0 ) 
Gi) 0"1^ 1<шт<п 
Gii) 071927 т=п 
(iv) 0/1727 [+т=п Ў : 

(See Unit-III, Page 150, Prob.61) 


l Aonstruct a minimum state automation equivalent to a given automation. | 
M whose transition table is defined below — 14 | 


Ty | 
| 


(See Unit-II, Page 93, Ргоһ.39) | 


L 


> (a). Let.G be the grammar 
8 ОВГА, A ОЈОЅПАА В | 
For the string 00110101 fing. //SIOBB T 

@ LMD 1 

Gi) RMD | 
nod . | 


) Parse. tree; 2. 


(30) (See Unit-III, Page 106, Prob) 


| 


= 


s 
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If G is the grammar S — SbSla, show that Gis ambiguous. 7 


m (See Unit-HI, Page 109, Prob, 8) 
Define a PDA ? Construct a PDA equivalent to the following context 
@) free grammar S — OBB, B — О$|15|О. Test whether 0164 is in 
N(A)- à ‚ See Unit SY, Page 137, Prob.27) 7 
Фф) Construct a PDA for the following language — : i 
(i) a"b" n20 
(i) a"b? n21 y. 
(See Unit-IV, Page 166, Preb.9i 
(a) Explain Р and NP type of problem. Write any three examples of Por 
NP type problem. (See Unit-V. Page 248, QINTI 
(b) Describe decidable and undecidable problem. Explain Haiting 
problem. (See Unit-V. Page 246. 0.41 ! 1 
i ny three) — 4 
Wei, wen. Ч 7 | (See Unit-V; Page 206, Q.15? 
(b) Universal turing machine ¢ See Unit. Page € 049 ? 
(c) МРРА апа рРрА (See Unit-IV. Page 160, Q. 


(d) 


Note : 
(a) 
(b) 

2, (а) 
(b) 

3. (а) 
(b) 

4. (a) 


Closure property of regular grammar. ^ (See Unic-II. Page 25,022: 


IF5001(CBGS) ^. 1 
B.E. V Semester a i 5 
EXAMINATION, November EE 
Choice Based Grading System (CBGS) 
THEORY OF COMPUTATION ee 


(i) Attempt any five e е 
(ii) АП questions carry equal marks. ion (a by*sbb. 
si i for the given regular expressi М 
Design finite automata 5 (See Unit-ll. Page 70. Prob.12) 


Differentiate between Mealy and Moore esca Paselk ОЛУ 
Mention the closure properties of есч Page xod 2} 
Explain Myhill-Nerode method of улыт Lage 80, ОЛЕ 
State and prove the pumping lemma a On 


i a with suitable example. 
Define two way finite automata with 5 Шаке б s n 


arivation and parse tree with 
Define leftmost derivation, rightmost de Dui равно Qs) 
suitable example, (st) y 4 


Theory of Computation (V- 


(b) 


(b) 


7. (а) 


(b) 


8. Write short notes (any three) — 


(a) 
(b) 
(с) 
(d) 
(f) 


Sem. 1.Т. Branch) 


Convert the following grammar into GNF — 


$ >» AA/0 
(See Unit-III, Page 129, Pro 


A > 85/1. "i | 
Explain Chomsky classification of languages with suitable ёз 9). | 
(See Unit-IIT, р; age b = | 

) 


What is ambiguity in grammar * ? Show that the given grammar | 
Uis 


ambiguous. 
E> E+E/E*E/2/3/4. (See Unit-IIT, Page 110, Prop 1y 


Design PDA to accept WWR/W e{0,1}*}, where W is 
Word and 


(See Unit-IV, Page 163 ui 


WR is reverse of word. 
Design PDA corresponding to given CFG 
S — aSA 


S — bSb 
гечи (See Unit-IV, Page 187, Prob. y 


Construct a turing machine that accepts the language L = {аз}, 
(See Unit-V, Page 230, Prob, 1) 


What do you mean by turing machine ? Explain multiple tapes turing 
machine. (See Unit-V, Page 204,0), y 


Recursive and recursively enumerable language 
Halting problem 
NP complete Vs NP hard 
CNF 
NPDA. 
(See Unit-V, Page 252, Q5l 


000 


(32) 


